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The research reported pertains to the 
interrelationships of 'he ecoriomic system, the health-care delivery 
system, and the health manpower education systems. In this research 
it was learned that in a part of the intermountain region 
predominately rural in nature, the economic and the health systems 
are closely related. Challenge is given to the traditional usage of 
practitioner/population ratios, while a rationale is provided for 
concentrating on communities and economic trade areas for planning 
purposes rather than using political-geographic jurisdictions. A 
second and important part of this research was the estimation of the 
interrelationships of the health manpower education system with the 
economic and health-care delivery systems. The results varied between 
inconclusive and fruitless; in view of the lack of fundamental 
information on the nature of health manpower eduction programs, 
additional research in three target areas is recommended before it 
can be meaningful to suggest the optimal location of programs. 
(Statistical data are included in the body of the report, represented 
in tables and maps; further data are appended, as are health and 
economic bibXiographies. (AJ) 
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PREFACE 



In recent years, economists and operation researchers h^ve devoted considerable 
effort to the study of various dimensions of the health care deliver}^ system and of 
the dynamics of health manpower supply and requirements. As such, a number of key 
aspects of economic theory — including the use of econometric models and concepts 
such as economics of scale, internal rate of return, and Income and price 
elasticities — have become more prevalent in the health literature,, 

Concurrent with this development, and proceeding somewhat independently, has 
been a marked expansion in studies and articles concerned with specialty and geo- 
graphic imbalances of health services and manpower, ♦ These developments apparently 
reflect a recognition that aggregate, national profiles of health dynamics provide 
only partial insights into understanding and groping with problems of equity and 
distribution. 

Since its inception in 1970, the Division of Manpower Intelligence (DMI) of 
the Bureau of Health Resources Development has be^en vitally interested and. actively 
engaged in analysis of both of these areas. As part of its -extramural program, 
consequently, a number of major analytical efforts have been undertaken that attempt 
to examine empirically current and future dimensions of the health care delivery 
system and health manpower. 

In line with these program objectives, in 1972 DMI commissioned the Division 
of Business and economic Research, College of Commerce and Industry, The University 
of Wyoming, to undertake a research effort concerning the use of economic theory 
in health locational decision-making. Specifically, the first part of this effort 
was to explore and determine whether the economic system could effectively be 
used as a surrogate in health planning for the health-care delivery system. The 
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second aspect of this research endeavor was to estimate the interrelationships 
of the health manpower education system with the economic system and the health- 
care delivery system. The overall objectives of the project were to determine 
the applicability of regional economic theory in this framework, hopefully to lend 
further insights into the process of locational decision making, and to develop a 
useful tQol and perspective for the health planner. 

From the viewpoint of social science research, the results of this study effort 
represent important, initial steps in the empirical process. In this regard, a 
number of research areas are proposed within the study to further validate hypotheses 
presented and to test the transferability of the study results tc other settings. 
From the viewpoint of practitioners of health manpower planning, at the same time, 
the study provides useful insights and perspectives. Challenge is given in the 
study, for example, to the traditio^/al usage of practitioner/population ratios, 
while a rationale is provided for concentrating on communities and economic trade 
at^^i^as for planning purposes rather than using political-geographic jurisdictions. 

This publication represents the fiaal report of the contracted research. 
John Leyes, Ph.D., currently with the Virginia State Council of Higher Education, 
was the primary author and project director for this research effort. During the 
cours.e of the actual research work and the preparation of the final report. Dr. 
Leyes was Assistant Professor of Economics at the University of Wyoming. Other 
authors on the staff of Dr. Leyes included J. Stuart Miller, Joyce Lofgre, Jeffrey 
White, and Sara Goetz. Paul M. Schwab, of the Division of Manpower Intelligence, 
BHRD, HRA, was project officer for this extramural activity. 

Copies of a summary report of this study, entitled The Delineation of Economic 
and Health Service Area and . the Location of Health Manpower Education Programs — A 
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Summary , can be obtained by diriscting requests to the Information Office, Bureau 
o£ Health Resources Development, Health " Resources Administration, NIH, Bethesda, 
.biaryland.. 

William A. Lybrand, Ph.D. 
Director 

Division of Manpower Intelligence 
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education system and was funded by a contract for the former Bureau of 
Health Manpower Education (now the Bureau of Health Resources Development) , 
National Institutes of Health, Department of Health, Education, and Welfare, 
Contract. No. NIH 72-4083. 

In the past, research into the health-care delivery system has been 
focused on this system as a separate entity independent of the economic 
system. In fact, the provision of the set of health-care services to 
consumers is not fundamentally different than the provision of the set of 
economic services to consumers by other individuals. It would, therefore, 
seem reasonable to expect that detailed information about the economic 
system would be helpful in studying the health-care delivery system. 
Further, data on the health system are not collected regularly and uniformly, 
with the result that each study of the health system requires some survey 
work. If the economic system and the health system are closely related, 
and given the more complete data on the economic system, then the greater is 
the probability that the economic system can be used as a surrogate for the 
health-care delivery system. In this researchj it was learned that in a part 
of the intermountain* region predominately rural in nature, the two systems 
are closely related. 

A second and important part of this research was the estimation of the 
interrelationships of the^health manpower education system with the 
economic system and the health-care delivery system. The research results 



varied between inconclusive and fruitless. Part of the difficulty with 
th& identification of the health manpower education system is the f^ct that 
schools of health manpower education tend to be located on the basis of 
political considerations rather than upon pure allocative consideration^, 
and that there is a dearth of information on the students and places of 
employment after graduation. This is further compounded by the fact that 
there is virtually no meaningful information on the optimal size range of 
individual health manpower education programs. In view of the lack of 
fundamental information on the nature of health manpower education programs, 
the research must necessarily be speculative and subjective. Additional 
research into these target areas has the potential of greatly improving 
the present understanding of the health manpower education system. It is, 
therefore, strongly recommended that additional research be conducted in 
the following three areas before it will be possible to relate the economic 
system and health-care delivery system to the health manpower education 
system: 

a. determination. of the distances that students will 
travel for attending individual health manpower 
education programs; 

b. determination of the distance that students will 
consider in accepting employment after graduation; and, 

c. determination of the optimal size range for individual 
health manpower education programs. 

It is the belief of the authors that research into the above topics 
is essential before it can be meaningful to suggest the optimal location of 
health manpower education programs by individual program. 
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ABSTRACT 



This abstract provides a brief review of the report on research 
conducted by the Division of Business and Economic Research, University of 
.Wyoming, for the Department of Health, Education, and Welfare, National 
Institutes of Health, Contract No. NIH 72-4083. 

The inadequacy of health care in rural areas of the United States is 
a problem; attempted solutions have ranged from specific federal grants for 
hospital construction under the Hill-Burton Act, to the establishment of 
Regional Medical Programs and Comprehensive Health Planning districts to 
assess the needs of rural areas and establish corrective policies. Recent 
developments include the formation of Area Health Education Center^, and 
Health Maintenance Organizations. 

In this study, preliminary attempts have been made to use the regional 
economist's central place theory to compare the economic system and the 
health care system of the i'atermountain region. The authors have suggested 
that this theory has potential if extended to health planning and health 
manpower planning, by using the economic system as a surrogate for the 
health care delivery system. This study provided a test for the efficacy 
and usefulness of central place theory as a potential policy formation tool 
for both health and health manpower planning. 

The specific part of central place theory that has been applied in 
this study is that of hierarchical demand structures. The latter is based 
on the r*6tion that the amount of and frequency with which consumers purchase 
goods and services varies according to the type of goods and services. 
Groceries are purchased more frequently than clothing, which is purchased 
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more frequently than hospital services, which, in turn, are purchased more 
frequently than nursing home services. 

*The purchase of these commodities will vary from community to community. 
Consuaiei.s will be willing to travel greater distances for automobiles than 
groceries,' and greater distances for hospital services than for the services 
of primary care physicians. Because the range of commodities sold will vary 
from community to community, it is possible to infer, from the hierarchical 
struct'ure of commodities, a corresponding hierarchical structure of 
communities, trade services and health service areas. 

Seventy-four economic variables were identified and used to delineate 
a hierarchical economic system for a part of the intermountain region 
characterized by rurality and low population density. The same geographical 
region was also used to delineate the health care delivery system with twenty- 
four variables. 

The two systems, economic and health care delivery, were delineated 
with a programming methodology that permitted the grouping of 538 communities 
into seven different groups, each composed of the most similar communities. 

The above methodology was developed on the basis of in4ividual 
communities rather than individual counties. The emphasis on communities 
seemed well-founded for a study of the intermountain region because the 
counties tend to be large and distances between individual communities is, 
therefore, frequently correspondingly large. Further, given the low 
population density, countless problems arose in finding data for both the 
economic and health systems at the sub-county level% Nevertheless, ■'the data 
used are similar to the data used for studies in other regions (e.g., 
Minnesota and Saskatchewan) and yielded results that were consistent with 
the expectations of observers familiar with the intermountain region. 
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Notably, the emphasis of this study is not placed on the independence 
of counties, planning districts and other geographical regions. Further, it 
is fully recognized that a hierarchical system exists. The implications are 
rather simple* If ^ for example, the minimum population base (both indigenous 
and hinterland to a community) needed to support some economic activity is 
100,000, then, a population of less than this amount would not be expected 
to have this kind of economic activity. Similar ly^. if a population base 
of 100;000 is required to support some health care activity, then a smaller 
population would be unable to support the activity. The next step was the. 
idantif ication of relationships between the economic and health care systems. 
If there is a close relationship between these systems, economic data can be 
used to identify the threshold levels for health care services. A threshold 
level is the minimum range of population base and economic services that must 
exist before some health care service will be provided. 

In this study it was not possible to identify the interrelationships 
of the economic and health care systems. . It was, however, possible to 
identify a very close relationship between the economic and health care 
systems using regression analysis. The encouraging nature of these results 
suggests very strongly to the authors that further research into the specific 
interrelationships should prove to be rewarding^ The use of the economic 
system as a surrogate has two advantages: first, the data on the economic 
system are collected r^jgularly by the federal government; and secondly, 
much of the economic data have been collected for many years, allowing 
trends to be observed, which cannot, for the most part, be observed for 
health manpower and health manpower education. If the economic system and 
data can be used as surrogates for the health system, then massive data 
Q ollection efforts and data analysis for health manpower can be modified 

ERLC 

BBBBUaB ^^^^ 



subxstantiaily by substituting data from the aconproic system. 

T1\e authors recognize that these Ideas and this approach are Inconsistent 
with the ti?ands in current health manpower and hsalth^system research. Never- 
theless, it is recommended that: (a) additional research be devoted to 
the study of an urban region to determine whether the similarity of the 
economic and health systems would hold for such a region; and (b) additional 
research be directed to dveterraine the specific relationships between the 
economic and health care delivery systems. 

Given the lack of data on health manpower education programs, it was 
not possible to test the hypothesis that the health manpower education 
system is functionally dependent on either the health care delivery 
system or the economic system. This was precluded by data problems. First, 
information is required on place of residence for students enrblling in 
programs. For some programs such as medical education, students may be 
willing to migrate a great distance. For other prograifts, students may 
not travel more than five or ten miles. In the absence of such information, 
it is difficult to estimate the optimal location of any health manpower 
education program. 

Secondly, information on the optimal size range of each health 
manpower education program is needed. What is the minimum feasible size for 
such programs? And at what point does increased program size lead to 
Increasing costs such that it would be cheaper to initiate a new program 
elsewhere? (That is, at what point do diseconomies of scale indicate a 
necessity of starting new programs rather than increasing present ones?) 

With some definitive answers to the above points, it becomes feasible 
to consider optimal location. In the absence of this information, speculation 
is the only tool available to determipe optimal location. The recommendation 
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of this report is that research efforts be directed to find solutions to 
the above problems. 

Although this study did not involve the estimation of health needs 
and the use of time-series data, the empirical results indicated that: 
(a) the methodology provided meaningful models of the economic and health 
systems in the interiuountain region; and (b) the economic system data are 
easier to obtain than the health-care system data. Given the close 
relationship of the two systems, the economic system has the potential 
of being surrogate for the health-care delivery system. 

A well-organized and informal health-care delivery system (neither 
physician nor hospital oriented) may exist in many squall and rural places 
in the intermountain region. If such is the case^. then rural and small 
community residents (1,000 persons and below) may be more receptive to 
primary health care by allied health manpower. This- possibility should 
be explored with further research. 

The major conclusions of this report are as follows: 

a. statistically significant similarities exist between 
the hierarchical structures of the economic and health- 
care delivery systems; 

b. it is recommended that hierarchical service areas be 
used rather than political units (i.e., counties and 
other popular area designations) for health planning; 

c. it is possible to make inferences about health services 
which a community and its market area population can 
support by noting the number and types of business 
establishments located in the area; 
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the hierarchical nature of the economic system has the 
potential to serve aa an efficient base for locating 
health manpower education programs; and, 
the justification of new health manpower education . 
facilities on the basis of existing facilities biases 
loc^utional decisions against rural areas which generally 
do not have any supporting facilities. 
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CHAPTER I 
INTRODUCTION 

The inadequacy of health eare in rural areas of the United States has 
been a problem. Attempted solutions have ranged from specific federal grants 
for hospital construction under the Hill'-Burton Act to the establishment of 
Regional Medical Programs and Comprehensive Health Planning districts for 
the purpose of assessing the needs of rural areas and establishing policies 
which will best solve the problems. More recent Suggestions are the formation 
of Area Health Education Centers and Health Maintenance Organizations. Due 
to the growing interest in improving the quality and quantity of health 
services, efficient planning techniques must be developed. 

In this study preliminary attempts have been made to use the regional 
economist's concept of central place theory as a tool for health planning. 
Further, efforts have been made to use the economic system as a surrogate 
for the health system. Thus, this study provided a test for the efficacy 
and usefulness of central place theory as a policy formation tool for health 
planning. 

In the remainder of this introductory chapter there is a description 
of the rationale for the study; an introduction to the conceptual basis of 
the methodology; and a listing and explanation of hypotheses to be testev^. 

A. RATIONALE FOR THE STUDY ^ 
inadequate health care in rural areas is a product of several problems. 
The most debated problem is the deficiency in the number and distribution of 
physicians. But several other deficiencies exist which are also crucial 
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in the provision or adequate health care. To better understand the 

difficulties, a review of the characteristics of the health-care system 

in rural areas of the United States follows. 

• That the number of doctors in rural areas (and urban ghettos) is less 

than desirable has been argued in many studies and public documents. 

President Nixon In his February 18, 1971, message to Congress on 

Comprehensive Health Planning, emphasized the problem: 

On the average, there is now one doctor for every 
63Q persons in America. But in over one- third of our 
counties the number ot doctors per capita is less than 
one-third that high. In over 130 counties, comprising 
over eight percent of our area, there are no private 
doctors at all — and the number of such counties is growing. 
(Nixon, 1971). 

Other symptoms of the rural health dilemma are: solo practices 
present few opportunities for consultation with other health professionals; 
there is the lack of modern sophisticated medical equipment for diagnosis 
and treatment, and the absence of medical specialties; and the rural 
community is relatively dependent upon "locked in" health manpower for 
long periods of time. 

Although federal monies have been important in the creation and 
building of health-care facilities in the states (i.e., hospitals, medical 
schools), not all states have benefited equally. Facilities have been 
developed so that better health care would result; however, many rural 
areas have not had the same opportunities as the more densely populated 
areas of the country. Further, rural areas have found it difficult to 
attract health professionals and to retain those settling in these 
areas. And due to the lack of expensive health-care facilities, it has 
been more difficult for health professionals in rural areas to obtain 



training in current, techniques. Consequently, rural health professionals 
tend to become more efficient at providing increasingly obsolete health 
care. 

In attempting to alleviate the rural health-care problem, questions 
arise as to what types of health services, manpower facilities, and 
educational programs might be planned for rural areas and where they would 
best be located. It is the rationale of this study that efficient and 
effective planning for meeting health-care needs can be obtained by 
better understanding" of the relationship between the existing economic 
and health delivery systems. The major hypothesis is that the provision 
of health services and the number, size, and types of health delivery 
facilities in an area will be determined by the general market forces 
that determine the number, size, and types of other non-health businesses 
and services within a region. 

If the major hypothesis is correct, then the task proposed is choosing 
the theoretical model most appropriate for the allocation of health services 
and programs within a rural region. 

B. PLAN OF THE STUDY 
The types of economic areas delineated in the study are developed 
from the concept of hierarchical demand structures which is derived from 
a branch of regional economic analysis called central place theory. 
Hierarchical demand structures exist due to the amount and frequency that 
consumers purchase goods and services. For example, groceries are pur- 
chased by a consumer more frequently than clothing, which is purchased 
more frequently than automobiles. Moreover, the purchasing of each of 
these commodities is often done in different communities. While groceries 
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are generally purchased from neighborhood supermarkets, clothing may be 
tjurchased in a more distant shopping center or in another community in the 
case of rural areas. The purchase of an automobile may involve a trip of 
some distance. By noting the kinds of goods and services sold in a 
community, it is possible to infer from the hierai^chical nature of the 
goods sold a corresponding hierarchical structure of communities and trade 
service areas. This methodological approach is used in the delineation of 
economic areas. 

The notion of a hierarchical structure is also applied to the health- 
care delivery system. While a physician may be consulted frequently, a 
consumer may not need the facilities of a hospital as often. In this 
study, health manpower and facilities data are used. The use of these 
data reflects the kinds of health services available in each community and 
allows a hierarchical ranking of communities according to health services 
offered. - ^ 

After the economic and health structures have been determined, 
determination of the interdependencies of rural communities and larger 
cities for economic and health purposes is next. Analysis developing 
general relationships between the economic and health systems occurs for 
the purpose of identifying community economic characteristics existing 
concurrently with the levels of health services. 

Finally, the number, type, and location of existing health education 
institutions are identified; the areas served by these institutions in 
terms of student enrollment are determined: and the dependency of the 
regional health manpower groups on local, state, regional, and national 
education and training institutions is analyzed. 



The following hypotheses are tested in the study: 

1. There are statistically significant similarities between 
the hierarchical structures of the economic and health- 
care delivery systems; 

2. Hierarchical service areas are preferable to political 
units (e,g.» counties) and other popular area designations 
as units for health planning; 

3. Inferences can be made about health services which a 

, community and its market area population can support by 
noting the number and types of business establishments 
located in the area; 
^» The hierarchical nature of the economic system can serve as 
an efficient base for locating health manpower education 
programs . 

There are nine chapters in this study report. In Chapters II through 
VI the methodology is derived, applied to the study region, and analyzed 
with respect to its effectiveness. Chapter II is a review of the 
literature of centra! place theory and empirical efforts toward applying 
that theory. Other popular derivations of economic areas relevant to 
this study are also analyzed in Chapter II. 

Chapter III is an outline of the development of the empirical 
methodology employed in the study as well as a description and evaluation 
of the economic data utilized in the study* 

In Chapters IV and V are results of the applications of the methodo- 
logy to the economic and health-care delivery systems in the study 
region — the state of Wyoming and portions of adjacent states. Suggestions 
are made as to the extent the methodology can be utilized in deriving 



specific rules for health planning. Also, since one of the important and 
difficult tasks for the study was locating and collecting health data, 
a detailed description of health data sources is in Chapter VI, 

In Chapter VI there is a brief statistical and verbal comparison 
of the economic and health delivery systems delineated. in the previous 
two chapters. 

A description and analysis of health manpower education for the 
study region and the relation to the hierarchical concept is the focus 
of Chapter VII, Implications for the establishment of health manpower 
education programs are presented. 

Chapter VIII is a discussion of the planning and policy implications 
of the study ^ The results of the study are summarized in Chapter IX. 



ERLC 



CHAPTER II 



LITERATURE REVIEW 



Kealth-care planning requires the delineation of planning areas — 



units reflecting the areal eictent of health-care services. The most 



important factors in the determination of these units are the orientation 
of the analyst making the delineations and the planning purpose for which 
the areas are to be used. 

A classification of bases fpr clarifying liiedical service areas has 
been devised: administrative bases, ecological bases, and optimization 
bases (Taliaferro, 1973). The use of the first of these categories, 
administrative bases, does not require data reflecting consumer use of 
health-care services, but involves the arbitrai*y choice of areas. The 
result is the selection of political boundaries (e.g., counties) as boundaries 
for health service areas. The basis of the category, ecological bases, is 
data on consumer-use patterns interpreted to determine the health service 
areas. Finally, the optimization bases category includes consumer- use data 
incorporated into a theoretical framework imposed by the analyst. 

The data employed in the- above methodologies reflect consumer use of 
medical services only. The thesis of this study is that service areas 
derived from economic .data reflect medical service areas and allow health 
planners to forecast the demand for health services and to estimate the 
types of health manpower and health manpower education facilities on the basis 
of observable economic activities. If the thesis is correct, the administrator 
will be able to make a variety of recommendations without undertaking expensive 
consumer surveys or studies of hospital records. Therefore, the literature 
review in this chapter is a survey of methods for the delineation of 
vsconomic areas. 





The traditional categorizations of economic areas are homogeneous 
regions and functional regions. In the formulation of homogeneous regions » 
spatial units (e.^^., communitleSi consumers) are of the same region on the 
basis of similarity with respect to some attribute or set of attributes. 
In the organization of functional regions » spatial units are linked as- to 
their interdependence or interaction (Harris , 1964; Nourse, 1968, pp. 129- 
36). These interdependencAc^ are demonstrated in terms of flow phenomena: 
labor foi"ce commuting, circulation cf goods aixd services, telephone commun- 
ications, and traffic flow. Health service areas delineated according to 
consumer residence and hospital use are examples of functional regions. 

The areas discussed in this study are functional regions developed 
through an analysis in regional science called central place theory. While 
homogeneous regions serve specific purposes, the view among regional 
scientists is that functional areas are optimal for planning purposes 
(Richardson, 1^69, pp. 226-30). The major effort of delineation of 
generalized homogeneous areas for the United States (Bogue, 1961) has 
received substantial criticism concerning the methodology employed and the 
unserviceability of the results (Richardson, 1969, pp. 225-27; Vining, 1953; 
Fox, 1965a, p. 4). 

In the remainder of this chapter there is, first, a description of 
central place theory, the basis for the functional areas developed in 
Chapters III and IV; and, second, a review of the methodologies tradition-- 
ally eir,ploye4 in empirical studies applying central place theory. 

A. CENTRAL PLACE THEORY 
1. The Concept of a Central Place 

The concern with a town as a central place relates to "city-forming" 
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• activities of which there are three classes (Harris, 1942; Marshall, 1969, 
Chapter I).* First, towns are transportation nodes situated to facilitate 
transshipment, maintenance, and other necessary transportation services. 
Second, towns perform functions connected with resources and intermediate 
production activities, and are located in accordance with activities such 
as mining, manufacturing, wholesaling, and seasonal resorts. Third, towns 
supply consumption goods and services directly to the surrounding consumer 
population and are located to ease the transportation friction (time and 
cost) of consumers. 

Harris and Ullman (1945) argue that each of these three city-forming 
activities operating alone would cause different patterns of spatial distri- 
bution of towns: a linear arrangement of towns would result from a linear 
transportation network; an uneven distribution of Jijowns would result from 
resource connected activities that are unevenly distributed; and a uniform 
distribution of tovms would r-e^ult from the supplying of personal 
consumption goods and services if there is a uniformly distributed rural 
population to be served (Harris, 1945). However, the actual spatial 
pattern is a result of a combination of all three city-forming activities. 

The concerns of formal central place theory are the spatial pattern 
of community locations with respect to retail markets and the ''centrality'' 
of a community, or the degree to which it is a central place. 

2, Central Place Theory a nd Systems of C entral Place 

Central place theory relates the spatial results of supply and demand 
decisions. That is, when a commodity is presented for sale, a consumer's 
buying decision involves his consideration of the price, quality, and his 
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transportation costs. Cost to the consumer Increases with distance tra* 
veiled. Since the amount demanded decreases as cost to the consumer rises » 
* then the amount demanded decreased; as distance from the seller Incrreases. 
At some distance, quantity demanded from a seller Is zero. This maximum 
distance establishes the maximum iposslble market area for the seller of the 
commodity. For the seller to continue In business he must have enough 
customers to make a minimum (or norma-1) profit. The area encompassing the 
minimum number of customers establishes the smallest market area for the 
commodity. 

In the remainder of this section there is a description of the concepts 
of central plac<% theory: first, the early formal statements of central place 
theory are reviewed; and second, consideration is given to more recent 
alterations in the theory which have made central place theory an empirically 
useful framework. 

Christaller and Losch 

The concept of formal central place theory has been attributed to two 
German scholars — Walter Christaller, a geographer, and Avjust Losch, an 
economist — whose original works were published in 1933 and 1941, respectively 
(Christaller, 1966; Losch, 1954).^ 

The spatial economic model developed by Losch and Christaller contains 
strict assumptions. First, there are uniformity assumptions: raw materials 
and population are uniformly distributed over a homogeneous plain; tastes and 

^Generalized descriptions of the Christaller-Losch model can be found 
in many works. See, for example, Richardson, 1969, pp. 105-8, 156-65; Berry, 
1967c» Chapter 2; Nourse, 1968, Chapter 3; Marshall, 1969, Chapter 2. 
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* preferences are similar for all consumers; transportation possibilities 
are e<fual in all directions; costs of production are constant; and 
production opportunities arife open to everyone. The second set of 
assumptions are behavioral; producers attempt to locate for the purpose 
of maximizing profits, and consumers attempt to maximize satisfaction,, which 
includes the minimization of purchase costs, i. consumers purchase goods 
and. , services from those sellers is closest ptoxittiity to their residences. 

Given these uniformity and behavioral assumptions » sellers of a commo- 
dity locate such that they are equidistant from one4?3nother over the 
homogeneous plain. Each, therefore, sells the product over the minimum 
sized market area possible and earns normal profits. If the market areas 
of sellers are to cover the plain leaving no gaps, each area has the shape 
of a hexagon. Recalling th^t transportation is equally possible in all 
directions and postulating that there is no overlap of markets, the hexagon 
is the geometric figure minimizing the distance (and travpl cost for 
consumers) from each seller to the periphery of his market. 

Using this framework, there are as many market networks as goods and 
services. Individual sellers have a hexagonal market area the size of which 
is determined by the class of commodity sold: a small area for lower order, 
convenience items as groceries, retail gasoline, laundries; and a lar3;€5r 
area for higher-order, specialized goods as sporting goods and furniture (for 
which consumers will travel greater distances). Moreover, sellers of 
different goods locate at the same centei' to. minimize the frequency of trips 
and, therefore, transportation costs of the consumer. A hierarchy of central 
places over the plain results. Lower-order places offer a number of conven- 
ience goods, and higher-order places offer specialized goods in addition to 



11 



convenieoce goods. 

In summary, the conclusions of the Christaller-Losch theory are the 
following: 

1. the centrality of a place is determined by the number of types of 
commodities sold. Central places offering higher-order * specialized goods 
have greater centrality than those offering lower-order goods. 

2. nigher-order central places have larger complementary areas (market 
areas) than lower-order central pla(^es. 

•3. market areas are hexagon-shaped. Lower-order places and their 
areas ^'nest" within the areas of higher-order places. 

4. hierarchical groups of central places are determined with central 
places In each group performing all functions of places in lower groups plus 
additional functions. 

5. establishments performing lower-order functions or selling lower- 
orde^ goods are more numerous than establishments performing higher-order 
functions » 

Recent Alternationc in the Theory 

Reasons escist that the abov« model does not depict reality. Transpor-^ 
tat ion costs at^^ot uniform in all directions and are strongly determined 
by the nature of transportation networks. Raw materials are not ^equally 
distributed, nor is the topography of an area a homogeneous plain. Also, 
population is not uniformly distributed or similar in tastes, pref er^,nces, 
and incomes. Finally, technological change in transportation and production 
methods as well as alterations in production costs due to agglojaieration 
economies alter the,_shapes and sizes of market areas and their centers. 
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As a result, alternations are made on the Christailer-Losch model. 

A contribution to the generalization of the cortcepts of the original 
central place model is a 1958 paper by Berry and Garrison (Berry, 1958) , 
stating that the concepts necessary for the formulation of a hierarchical 
spatial structure of central places are range and threshold s The range is 
the market area of the central place for a commodity and is determined by 
transportation costs (but is influenced over a period of time by techclogical 
improvements). Threshold refers to the lower limit of the range of the 
commodity necessary for it to be supplied at a normal profit. 

Assuming that sellers locate to maximize profits, the conclusions 
reached using the range and threshold concepts are: (i) markets contain equal 
amounts of purchasing pov:er; (2) markets for central places of thc! same order 
need not cover equal-sized areas, and centers need not be equidistant from 
one another; and (3) sellers may not earn only normal pro^\^ts but excess 
profits (see Marshall, 1969, pp. 33-7). 

A hierarchical structure of central places is derived from this formula- 
tion. Firms selling the highest order commodity (having largest threshold 
size — commodity n) locate to luaximize profits. There are as many centers for 
commodity n as threshold level sales to support firms selling commodity r^. 
F'frfts selling lower-ord^r goods and services (n-1, n-2, etc.) also locate in 
centers selling commodity n. Since market threshold levels decrease for 
lower-order commodities, firms selling these goods and k^irvices earrv greater 
than normal profits. For some commodity, n-i, the threshold is small enough 
that new firms locating in the interstices between threshold areas for existln; 
firms and selling that commodity can make a normal profit. Firms selling 
commodities 1, 2,...,' n-i, locate in these interstices forming a new, lower- 
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order of ^enters: the highest order centers sell goods ^and services 
I, 2,..*n; and the next otder centers sell coomodlty n-1* An 

additional set of lover-Order centers forms when threshold levels for a 
still lower-order consnodlty, n-l-J, allow interstitial location of new 
firms. A complete hierarchical system of central places is formed in this 
manner, the number of groups of central places being determined by the number 

of possible interstitial locations. 

This general system is suitable for empirical measurement of real 
world central place hierarchies because none of the uniformity assivnptions 
of th«* Christaller-Losch model are necessary, and there is no restriction 
on the size& and shapes of market areas. 

B. EMPIRICAL STUDIES 
Empirical determination of central place systems requires a two stage 
process — first, the placement of central places in the study area into a 
hierarchical classification and, second, the determination of hinterlands 
of the central places. As stated in the above section, determination of 
a hierarchy of central places is made by analyzing the types of goods and 
services sold in each. A number of studies have used this conceptual basis 
for forming hierarchical systems. In this section there is a review of the 
specific techniques employed in empirical studies to form the central place 
hierarchy, and of the methods followed to determine areas of influence or 
hinterlands . 

The traditional approaches to empirical formulation of central place 
hierarchies utilize data listing for each central place the numbers of retail 
establishments classified according to central place function (e.g., gasoline 




, stations, restaurants, grocery stores, banks, etc.)« To obtain data on 
specl/ic goods and services is more difficult than to count esitablishments 
by retail classification. However, there are two deficiencies in the data 
Obtained by counting establishments by retail classification. First, there 
is difficulty in classifying establishments selling multiple goods and, 
second, no distinction is made between establishments in the same 
classification which vary in fl^or space size and in sales volume. There- 
fore, such additional data as volume of retail sales for each community, 
the population of each community, and the relative geographic isolation of 
the community in rela^tion to other communities are considered. 

The construction of maps indicating the hinterlands of central places 
often results in the utilization of political boundaries, county or 
state lines. . A contention of this study is that the equating of political 
boundaries with economic boundaries is an incorrect procedure. Economic 
areas seldom follow political boundaries (see Chapter IV). 

Given the above summary of approaches, the method for surveying 
techniques of specific studies is to review the procedures followed in 
well-known areas: Trade Areas published annually by Rand McNally in the 
ComRerci^l Atlas a nd Marketing Gui de (Rand McNally, 1972); the Office of 
the Bureau of Economic Analysis (BFA) Economic Areas published by the 
Commerce Department; and Functional Economic Areas (FEA's), originally 
suggested by Fox (Fox, 1965b) and recently supported in a United States 
Bureau of the Census Working Paper (Ufiited States Bureau of the Census, 
1969). Other studies in the regional science literature are summ^krized. 
The foGus of the study is analysis of rural regions, therefore, the 
emphasis of the review is the application of the nethods to rural areas. 



ERIC 



15 



1, Ranally Trade Center s and Bas i c Tra d ing Areas 

Rand McNally publishes annually maps denoting trade centers and 
* areas. Available at tnany libraries, they are a source for determining 
planning areas. 

In 1972, 1,615 cities in the United States received Ranally ratings, 
therefore, most rural communities were not rated. More types of data have 
been available from secondary sources for cities than for small rural 
communities. Examples of data from secondary sources are retail sales, 
sales of shopping-goods, daily newspaper circulation, wholesale activity, 
volume of banking activity, and the number of competing banks (Rand McNally, 
1972, p. 5).^ 

The manner in which these items are interpreted is^ not indicated 
clearly in the Commercial Atlas >. A telephone conversation with Mr. Richard 
L. Forstall, Edited of the Coteercial Atlas , has yielded a description of 
the rules used. Factors most weighted are shopping-goods' sales and daily 
newspaper data (total circulation and competition over the area of 
influence). Each of these factors receives about 40% of the total weight 
in determining whether a city is rated and the rating giv'en. The remaining 
20% of the rating decision is a combination of items: number of banks, 
retail sales, and location of the city in relation to other cities. The 
result is four groups of cities rated hierarchically. Within each group 
there are as many as four sub-categories. 



Shopping-goods are defined by Rand McNally as retail items 

that the shopper ordinarily travels some distanoe to purchase, and for 
which he or i^he frequently compares qualities, styles, and prices from 
store to store before purchasing. The general merchandise and apparel 
categories represent the shopping-goods group quite closely." (Rand 
McNally, 1972, ^p. 8). 
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The formation of Basic Trading Areas Is explained as follows: 

Basic Trading Area boundaries are drawn so as to include 
with each Basic Trading Center the county or counties whose 
residents make the bulk of their shopping-goods purchases 
in that center. (Rand McNally, 1972, p. 8) 

Mr. Forstall. further commented that the primary consideration is the area 

of circulation of dally newspapers. In 80-85% of the counties, newspaper 

circulation allows assignment to a trading area. The prevailing hypothesis 

is that consumers shop in those centers from which they receive daily 

newspapers. In the remaining cases — where the assigning of a county may 

be possible to either of two centers (e.g., the eastern half of the county 

is influenced by a city to the East, but the western half is Influenced by 

a city to the West), then the assignment becomes more arbitrary. 

There are reasons why the methodology employed in identifying Ranally 

Trade Centers and Trading Areas is deficient, particularly for application 

in rural regions: 

1. in remote rural areas (e.g., Wyoming), some cities are termed 
trading centers due to their isolation from other centers. 

2. the criteria' by which cities are assigned to a particular group 
in the hierarchical rating structure are not clear. For example, cities 
with rating four are described as follows: "Most 4's have a daily 
newspaper with 5,000 or more. circulation, as well as three competing 

banks and $3 to $4 million in annual shop^jing-goods sales" (Rand McNally, . 
1972, p. 5). This description is not precise. 

3. most communities in rural areas are not classified since they 
are small, and the data needed for classification are not available. 

4. the areal units used in determining trading areas are counties. 
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Thei;e Is no reasoning presented to substantiate the employment of county 
boundaries as economic boundaries. Moreover, the use of counties as areal 
units assigned to nodal centers Implies^ that counties are economic units 
as well as political units. This conclusion requires substantiation by 
empirical analysis, but none appears In the Rand McNally Atlas . 

5. Mr. Forstall Indicated that the current tnap has not been changed 
since 1960. 

2. Bureau of Economic Analysis Economic Areas 

In the late 1960 's, the Office of Business Economics in the United 
States Department of Commerce constructed economic areas for the purpose 
of "... regional measurement, analysis and projection*' (United States 
Department of Commerce, 1967). Originally called QBE Economic Areas, they 
have recently been designated BEA Economic Areas. They are of Interest 
because the theoretical basis for the areas is central place theory. 

The ecoxiomic or nodal centers with which the BEA areas have been 
concerned are Standard Metropolitan Statistical Areas (SMSA's) designated 
by the Census Bureau. In rural areas where there are no SMSA's, cities 
with 25,000 to 50,000 population have been chosen as centers. 

The delineation of economic areas surrounding the centers was 
accomplished by assigning counties to centers on the basis of journey-to- 
work commuting data from the 1960 Census of Population. Counties were 
assigned to the economic area containing the center with which there was 
the greatest commuting connection. In cases where commuting data showed 
no connection with an economic center, the county in question was placed 
in an area on the basis of commuting connections to counties which had 
already been assigned to areas. 
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Thus, for the first ring of counties arounci the central 
county, the criterion was commuting to the latter while 
for the next ring the criterion was coiranuting to the 
central county or to the first ring. (United States 
Department of Commerce, 1967). 

Rural regions of the country presented a problem in the delineation 

of BEA areas because of the scarcity of daily commuting across county lines, 

For those areas the road network and certain geographic 
features which would affect the possibility and time of 
travel to the economic centers, and the linkage of counties 
by other socioeconomic ties such as communications and 
cultural, recreational and trade activities were the major 

determinants. (United States Department of Commerce, 1972). 

■r 

A critique of the methodology used in determining BEA Economic Areas 
would indicate the following deficiencies: 

1. the notion of a hierarchy of centers was not incorporated. 
The largest of SMSA's received equal rating with rural communities of 
25,000 population. The hierarchical structure has been a key concept 
in central place theory. 

2. Centers were designated only ua the basis of population. 
Economic activity was of no consideration in the choices. 

3. county boundaries were employed as boundaries to the economic 
areas, and counties were treated as if they were economic units. The 
criticisms of this procedure were di\ cussed above with respect to Rand 
McNally Trade Areas. 

4. the use of commuting data had to be abandoned in rural areas 
in favor of generalized observations, thus adding inconsistency to the 
methodology. 

3. Functional Economic Areas 

K. Fox has argued that for planning purposes, self-contained economic 
communities make theoretical and administrative sense. According to Fox, 



these communities, Functional Economic Areas or FEA's (Fox, 1965b), 



woulli : 

'...be large enough to contain a full range of 
shopping facilities, personal and professional 
services and recreational facilities . and their 
residents would be ...linked together through a 
multitude of relationships — customer and retailer, 
patient and doctor, client and lawyer, pupil and 
teacher, parent and school board member, employer 
and employee — so that the great majority of their 
face-to-face dealings were with residents of the 
same sub-area. (Fox, 1965a). 

The boundaries of FEA's could be determined by home-to-work commuter fields 

which^ have grown larger with improvements in transportation, 

A recent Working Paper for the Census Bureau suggested constructing 

FEA's by the use of census data which classify and tabulate work places 

for workers by census tract (United States Bureau of the Census, 1969). The 

general suggestions for proceeding empirically were: (1) use of commuting 

data to find commuting contours (i.e., percent of resident census tract 

labor force commuting to the center) enclosing the central areas; (2) use 

of a gravity model to allocate those counties unallocated by the above 
3 

step ; or (3) use of a "cascading" method to assign unallocated counties. 

Cascading involves consideration of commuting not only to the center but 

4 

to all counties already assigned to the FEA. If overlapping of areas 
occurred, then the overlap was allocated to dominant areas by the definition 
of dominance used in the particular study. 



Gravity models hypothesize that a city attracts outside consumers in 
direct proportion to the size of the city and in invertK^ proportion to the 
dista;nce of the consumer's residence from the city. To assign counties in 
the case being discussed here, a gravity formula is applied to the county 
and central cities to which it might be assigned. The city with the 
resulting highest value in the formula is assigned the county (see 
Carrothers, 1956: Reilly, 1931; Schwartz, 1963; Converse, 1946; Isard, 
1960) . 

^This "cascading" procedure conforms precisely to the method used 
^n forming BEA areas. See Section 2." 
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Attempts to apply empirically the FEA concept are recent. Consequently, 
the specific means of application to rural regions is not always clear or 
0lse requires some independent judgments by the analyst. Fox has suggested 
that the cornerstone of the FEA concept as a planning unit is the regional 
capital having 25,000 to 250,000 population which generally has a trade area 
coinciding with its commuting field (Fox, 1969), However, he has indicated 
that in some rural areas the cities serving as central cities may be smaller 
(Fox, 1965a) . The choice (utilizing economic and population growth) as well 
as the determination of the formula used is the task of the analyst. 

A second vagueness arising with respect to the FEA concept and its 
empirical application is the notion of the commuter. In rural areas where 
commuter data show very minimal commuting. Fox has stated that the 
commuting field is indicated by a boundary showing the normal distance 
representing one hour of travel time from the central city (Fox, 1965a, 
pp* 5-6). 

Thus, while the FEA concept is an aid in understanding the significance 
of regional capitals and growing cities, it does not give a direction in 
either the choice of central cities or in the delineation of trade area 
boundaries. The Working Paper approach, though utilizing Fox's concept, 
deviates from his method in its suggested procedure of the inclusion of 
cascading and gravity models. 

Listed below are weaknesses of the FEA concept as a planning tool 
in sparsely populated rural areas: 

r. The use of commuter data has been criticized previously in 
this chapter, and the same criticisms apply. 

2. Fox's applications of the FEA notion have left gaps in the region™ 
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places not assigned to any FEA (Fox, 1965a) — but he has indicated that 
a system of FEA's with no gaps would be possible (Fox, 1955a, p. 12: Fox, 
1969). However, specific procedure was not provided. 

3. The Census Working Paper procedures involve allocation of county 
units, the objections to which have been stated previously. 

4. The hierarchical concept of central places and their trade areas 

has been given minimal importance in the FEA concept in favor of the growth 

center or regional capital and its commuting fields. 
« 

4. Other Studies 

In this review of empirical efforts to delineate economic areas the 
three most popular methods — OBE Areas, Rand McNally Trade Areas, and Func- 
tional Economic Areas have been described. Other empirical efforts exist ; 
a few are discussed next. 

One criticism levied against the above three techniques is vagueness 
in procedures for choosing central cities or for forming the hierarchical 
structure of cities. These vague and arbitrary procedures appear in other 
studies, examples of which are those by J. Brush of Wisconsin (1953), A. 
Smailes of England (1944), A. Baker and Associates of Missouri (1968), J. 
Borchert and R. Adams of Upper Midwestern U.S. (1963), and R. Preston of 
the Pacific Northwest (197i) . 

The first three of the studies mentioned (Brush, Smailes, Baker) ^re 
similar in that a hierarchical classification of communities has been described 
using as data the types of retail establishments and goods and services offered 
in the communities. In none of these studies, however, has an explanation been 
given of how the hierarchical orders were chosen or why the particular goods 
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and services listed were important • 

The Borchert and Adams study employed data on retail businesses 
and selected services combined .Into fifty-^two groups of functions. The . 
number of these functions and population were t;abulated for eaqh in a 
sample of 311 places. A majority of functions were found to occur in 
places of certain population size which were then used in defining classes 
of retail centers. However, the method of choosing breaking points between 
classes was not explained, and deviation from the technique of classifying 
by functions appeared. Some places were classified usin^ either the number 
of functions or the minimum volume of retail sales (Borchert, 1963, p. 38). 

The construction of trade area bour^daries by Borchert and Adams was 

arbitrary and imprecise: 

The shopping trade areas have been defined by lines drawn at » 
highway half-distances between complete shopping centers, then 
adjusting for barriers, sucii as mountain ranges, and differences 
in sizes of competing centers. (Borchert, 1963, p. 5). 

Moreover, all trade area boundaries were constructed to coincide with political 

boundaries, a procedure previously questioned in this literature review. 

R. Preston emjplpyed a concept knowa as functional surplus as the procedure 

for classifying the hierarchical classes of central places in the Pacific 

Northwest (Preston, 1971; Johnson, 1964 and 1971). That is, central places 

serve their internal population and service area plus the area adjolnlftg" 

the external service area. The degree of centmlity is related to the pro-- 

vision of goods and services in excess of the demands of inviabitants of the 

center. The empirical procedure involves measuring total demand (internal 

plus external area) for the goods and services of a center and subtracting 

the portion of the total demand represented by the center's internal residents. 
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Preston ^ir.ployed total retail sales and selected service sales In calcu- 

iatlng total demand at centers; and calculated central place interi^al 

demand using data on nimbers of faallies* median family income, and average 

percent of median income spent on selected goods and services. Centrality 

vas considered surplus (total demaiid minus internal demand) dollar volume 

of sales. The advantage of this method, Preston has argued, is that all 

settlements are not automatically central places. Furthepnore, 

...it would appear that this seemingly elementary, but funda* 
mental, finding would be impossible to establish when central 
place importance is determined by such nodality Indexes as 
total population, retail sales, retail employees, key func- 
tions, or numbers of establishments or functions. (Preston, 
1971, p. lAO). 

To ©rder groups of centers, Preston used a ttipving average technique similar 
to that eisployed in measuring trends in time series analysis. The cussulative 
averaging and graphing of differences between successively larger centrality 
values for each of the central places allowed him to choose a five-order 
hierarchy based on changes in the slope of the cumulative average. 

While the concept of functional surplus Is interesting, its empirical 
application involves the use of unavailable data. PrestonVs calculation of 
internal demand, that resident purchases of the goods and service? were made 
completely within their ami conimunities, is an unsupported empirical assump* 
tion. Moreover, why has Preg^ton utilized the mov^^ng average technique for 
determining classes? Also, why were five classes chosen? 

To identify hinterlands for various classes of centers, Preston employed 
data on banking relationships, daily riew§paper circulation, commuting patterns, 
Sunday newspaper circulation, and branch-firm distribution. Banking linkages 
between communities were used to identify complementary regions of the lowest 
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(fifth) order central places. A map of daily newspaper circulation was 
super iirposed on a map of comimjtlng patt^erns (frotn census data) to determine 
areas for the next highest (fourth) order with the requirement that the 
fifth order reciotx& fit within these. / map of Sunday newspaper circula- 
tion determined hinterlands for third and higher-order places. The 
areas for second and first^order central places were determined by the 
location of branch^firms whose home offices were located in these places. 
The use of thcs^ types of data for purposes of showing interaction is 
justified as long as the data used reflect the intera:Ction occurring 
between the levels of central places. 

The argument involving the use of newspa^^er data, as Preston has 
employed, is presented in Chapter III. 

SfKMARY 

The review in this chapter has presented an overview of methodologies 
used in applying central place theory. The criticisms of procedures used 
have consistently emphasized: (1) the arbitrary manner by whSch classi- 
flcations of central places were made and identified: (2) the use of 
political bound^^ries as boundaries for economic areas; (3) the failure 
to utilize standardized procedures: and (4) the employtr.ent of data yielding 
inadequate Inforaation in sparsely populated rural regions (e.g., 
commuter data). The objective of Chapter III is to present detail 
the methodology used in this study and the vsiys in which weaknesses of 
earlier studies have been avoided. 



CHAPTER 111 
METHODOLOGY AND DATA 



The problem of hierarchically classifying central places h.is been 
submitted to computer analysis. These efforts have made Ihe handling of 
voluminous amounts of data involved in a study region of any size a f<?asiblc 
process. This study did involve large volumes of data and, consequent ly » 
the computer was eP)ployed in several of the steps. 

As much as possible, efforts were made to collect data for 1970, 
nevertheless, data collection efforts were not restricted to 1970. Data 
sources were considered that ranged from 1965 to 1973. Further, a wide range 
of data sources was ccasulted, but was not included in the bibliography at 
the end of this report — the reason being that the data were too informal and 
dissimilar to be used in the context of a regional analysis. 

A principal limitation of the secondary data sources Was that virtually 
all of the sources provide data by counties. Since the counties in the 
intermountain region are quite lai^ge, county data were not particularly useful 
for identifying a system of cities, towns, and hamlets. Also, the non- 
disclosure policies of the Bureau of the Census meant that most data are 
not published for communities with a population below 5,000. Thus, the 
task of acquiring data for a rural region proved to be more difficult and 
time-consuming than was expected. Regions with high population densities 
are easier to study since many of the above problems are not important 
(i.e., large counties and nondisclosure policies). 
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The process of Identifying the hierarchy of coTmnuni tics Involved 
the following steps, each of which will be discussed in this chapter: 

A. Identlfyfeg the region to be studied; 

B. Identifying the pertinent economic activities; 

C. Identifying the health data and their sources; 

D* formulating the quantitative techniques to be employed 

In classifying of places; 
E. formulating the techniques to be employed In delineating 

service areas for the places* 

A. IDENTIFYING im REGION 

T'be relationships between rural cozmrunities ^nd their service areas 
(both economic and health) and between rural communities and urban cities 
are the focal points of this study. Consequently! the State of Wyoming 
^ was chosen as the study area. Characterized as a rural area» Wyoming* s 
two largest cities have less than 50|00O population with essentially no 
suburban growth, A further consideraticn. however, prompted the expansion 
of the ?rtudy ^rea t(n include parts of the surrounding states. Because the 
subject to be studied was economic and health service purchases of Wyoming 
residents, those counties immediately adjacent to Wyoming were Included 
plus those additional counties In the surrounding states that contain 
major central places (i.e., Denver, Colorado; Billings, Montana; Salt Lake 
City, Utah; Provo, Utah; Idaho Falls, Idaho; and Kapid City, South Dakota). 
A map of the region 1^ provided as Figure III-l. 

The choice of places in the study region to receive analytical 
consideTation was based upon the location of post offices In the year 1971. 



Pest office Incatlcrs containing cn€ or more economic service Activities 
(i.e.* retail activity) bec^ite «concT:ilc places In the study region. No 
place of any significance h^s leer* neglected since places vherc economic 
activities exist generally also contain a post office. Thus, 538 economic 
places vere identified and included. An additional ninety-three locations 
had post offices but no other economic activity and were, therefore, eitcluded. 

B. THE CHOICE AW) SOURCES OF rC05iJOMIC VARIABLES 

Goods and services arc consumed in a rangr from convenience goods 
purchased frequently to highly specialised goods purchased Infrequently. 
This concept vas discussed in the review of central place theory in 
Chapter II. Con5ir<5u«^ntly* xh^ r\f>7^x step in the study Involved the choice 
of a wide sptctrum of variables reflecting all levels of retail economic 
activity. 

An initial difficulty in the choice of variables was the location 
of data sources. The censuses (i.e.. Census of detail irade. Census 
of Selected Services) did not provide data for places vlth sr.all populations. 
The only alternatives providing enough descriptive detal] to classify 
b>usinesses by four-digit SIC codes were the Dun and Bradstreet Reference 
Bock (Dun and Bradstreet, 1972) and the Yellow Pages of telephcr.e books 
in tht» study region. These data represented business establishrents 
(not coinracdities) and are similar to the studies of borchert (1963), 
Hodge (1965), Phllbrick (1957), and Preston (1971). This deviation from 
the tneoreticai foundation vas unavoidable. However, this deviation should 
not alter confidence in the results of the study. A central place 
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hierarchical^ systea la based upon the notion that Increasingly specialized 
goods and services are offered by a placa as Its rank In the hierarchy 
increases* This Is represented as iirell by the specialisation of establish- 
ments 4S by the specialization of cosns&odltles. 

The 114 variables first chosen Included: most SIC four-digit retail 
functions; wholesale activities; postal receipts; population by place; 
. conuncrcial alt freight; and government services such as highways, state 
Capitols, county seats, and Junior and senior colleges. The seventy- 
four variables finally employed in the analysis are listed in Appendix 
A, w£th the data source for each. The process of reduction from llA 
variables to seventy-four is described in Section D of this chapter, 

1, Data Reliability 

The data on retail and wholesale establishments were recorded 
from the 1972 Dun and Bradstreet Reference Book > A li^i: of the types 
of establishments and the number existing In each place for 1971 was 
provided* Each of the codes was checked against listings in the Yellow 
Pages of telephone directories to determine the consistency and 
reliability of the Dun and Bradstreet data. 

The Reference Book data were deficient in that, first, a number of 
businesses had not been referred to Dun and Bradstreet for credit checks; 
and second, this missing percentage of businesses varied from place to 
place. The quality of the functional data was improved by the Yellow 
Pages information. Further Improvement would have been gained by a 
lengthy and expensive fiteld survey of the study region* 
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^ Highway data vara obtained from current state highway maps and 
were coded as follows: a 3^ was aaalgned for each interstate highway 
passing through tha place; a 2 was assigned for any other highway through 
the place; and a X was .assigned for each highway leading to tha town^ but 
not through it. These numbers were then added to obtain an index of 
highway accessibility for each place. 

Data on postal receipts (United States Postal Service, 1971), 
commercial air freight (United States Department of Transportation, 
1970); county seat (Rand McNally, 1972), and population (Rand McNaliy, 
1972) were obtained from secondary sources subject to the sampling, 
estimating, and record deficiencies of United States Government agencies 
and Rand HcMally. 

2> Population as a Variable 

An argument exists that the population of a place Is a surrogate 
for the economic system since the number and areal Influence o£ economic 
activities Increase in some functional way with population. However, 
there is a major restriction on the use of population as a surrogate for 
economic activity, especially in the region under study* For any linear 
movement from a regional trade center, for example A in Figure III-2, 
there is a decline in population that is Interrupted by the existence 
of sub'-regional and other centers of economic activity, and these intervening 
centers serve the residents in their Immediate hinterlands. Thus, most 
central places, from the regional center to small rural communities, serve 
a population greater than the population within the community boundaries* 
In this study a constant ratio between Internal and external population 
cannot occur. In parts of the region communities, for example X in 
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FIGURE III-2 

EXPECTED POPtifLATION DISTRIBUTION AS LINEAR MOVEMENT OCCURS AWAY FROM A REGIONAL TRADE CENTER 
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Figure III-3, are islands of population and do not serve a hinterland 
population. Assuming that the population within the legal boundaries of 
B in Figure III-2 is equal to the population within the legal boundaries 
of X in Figure III-3, then the number and extent of economic activities 
in B will exceed the number and extent of economic activities in X. An 
example is provided in Section A of Table III-l. 

The above relationship between internal and external population 
can be viewed in a second way — from the perspective of two communities 
with. similar levels of economic activity, but different populations 
within the legal boundaries of the two communities. An example is provided 
in Section B of Table III-l. Three cases are presented where f|he population 
in two places is different, but where the^ levels of economic activity are 
almost equal. 

Thirdly, the level of economic activity for communities of y^imilar 
size varies with their respective distances from a larger trade l:enter. 
The example of Billings, Montana; and Boulder, Colorado; is included 
in Section C of Table III-l. The proximity of Denver substantially 
decreases the amount of economic activity in Boulder. 

C. THE CHOICE AND SOURCES OF HEALTH DATA^ 
The goal of health data collection was to include all health pro- 
fessionals , allied health personnel, and health service facilities. The 
list of twenty- three health variables subjected to analysis is included 
in Appendix B. 

^Since a detailed description of the health data and its wide range 
of sources appeals in Chapter V of the study, the numerous bibliographical 
references have been omitted from this section. 
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EXPECTED POPULATION DISTRIBUTION AS LINEAR MOVEMENT OCCURS AWAY FROM 
A REGIONAL TRADE CENTER IN THE INTERMOUNTAIN REGION 
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TABLE III-l 

ILLUSTRATIONS OF POPULATION VARIATION WITH RESPECT TO VARIATION 
IN THE LEVEL OF ECONfflllC ACTIVITY 





Community Population 


Level of Economic 
Activity^ 


A. 


Connndnities of Similar Size, and 
Differing Levels of Economic Activity 








Fort Morgan, Colo. 
Rawlins, Wyo. 
Lander, Wyo. 


7,594 
7,855 
7,125 


0.453 
0.323 
0.233 




Vernal, Utah 
Green River, Wyo. 


3,908 
4,196 


0.315 
0.137 


Be 


Communities of Different Size, and 
Similar Levels of Economic Activity 








Laramie, Wyo. 
Sterling, Colo. 


24,700 
10,636 


0.629 
0.604 




Sidney, Neb. 

Rock Springs, Wyo. 


6,403 
12,100 


0.393 
0.391 




Rawlins, Wyo. 
Vernal, Utah 


7,855 
3,908 


0.323 
0.315 


C. 


Communities of Similar Size, Different Levels of Economic 

Activity, aad Different Distances from the Nearest Regional Trade Center 




Billings, Mont. 
Boulder, Colo. 


61,581 
69,279 


2.409 
1.758 


D. 


Resort Communities versus Non-resort Communities for 
Populations and Similar Levels of Economic Activity 


Different 




Vail, Colo. 
Heber, Mont. 


484 
■ 3,245 


0.145 
0.147 




Estes Park, Colo. 
Fort Morgan, Colo. 


1,616 
7,594 


0.487 
0.453 


^The level of economic activity is described later 
the heading "centrality index." 


in this chapter under 
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5tate' licensing rosters were sources of manpower data, except for 

^ata on physicians and dentists. These data were obtained frorm their 

6 

respective national directories. 

Hospital data were obtained from the American Hospital Association's 

Guide Issue . Nursing home data were taken from state directories, and 

medical laboratory information came from the Bureau of Health Insurance 

listings of Medicare approved medical laboratories. 

A difficulty with the health data (and economic data as well) was 
« 

either the absence of data from one of the six states or the lack of 
comparability of the data. For example, while some states listed active 
and inactive physicians separately, others simply listed licensed 
physicians. ^The health data were subject in their accuracy to the defi- 
ciencies of the collecting procedures used by agencies which are not data 
collecting bodies per se. When possible the data were checked against 
the WICHE Health Profiles . 

D. QUANTITATIVE TECHNIQUES 
In recent years', quantitative techniques have been applied to the 
task of hierarchically grouping central places. The individual most 
responsible for developing computer techniques applicable to this kind 
of problem has been B. Berry (Berry, 1960, 1962, and 1967a,b,c). The 
quantitative methods used in this study were of the same nature as those 
suggested by Berry, but often differed in detail and purpose. 



Samples were taken for Salt Lake City and Denver and expanded 
to represent a total, count. 
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There were three steps in the quantitative process of forming a hier- 
avcftical classification of places: (1) factor analysis to highlight the 
^ significant combinations of variables which can be used to describe the 
economic structure; (2) dimensional analysis to reduce the values of the 
variables as they occur for each place so that similarities between places 
might be determined; and (3) grouping analysis to combine similar places 
into groups (Berry, 1965, p. 78; Horton^ 1966). The methods by which these 
steps were accomplished in this study are the subjects of this section. 
The explanation proceeds in terms of the economic data — the same procedures 
were used with the health data. 

1. Factor Analysis 

The values of each of the llA economic variables were recorded for the 
538 places in the study area. Since 114 variables were unmanageable, the 
number was reduced by three procedures. First, if the data for a particular 
variable were not particularly clear, then that variable was either removed 
or combined with another variable. For example, miscellaneous retail stores 
were removed since the data sources listed them under other headings. 
General line grocery stores, frozen food stores, and grocery and related 
products stores were combined because of the difficulty of making the 
distinction in the data so\irces. 

The second procedure for decreasing variables was their elimination 
on the basis of Intercorrelatioh with other variables. For example, book 
stores and stationery stores usually occurred together, so they were 
combined Into a single variable. 

The third variable decreasing method was elimination using factor scores 
obtained from a factor analysis. A principal axis factor was performed and 
three factors rotated to yield the f^^ctor matrix. The variables chosen were 



those for which at least 50% of the variance* was explained by any of the 
factors. 

.The result of the above three procedures was to reduce the number of 
variables from 114 to seventy-four. 

2, The Diipension Problem and Grouping Methodology 

The objective of the grouping methodology was to group communities 
such that intra-group differences would be minimized, and inter-group 
differences would be maximized. Attainment of the oblective was a two- 
fold problem — reduction of the seventy-four variables (or dimensions) to 
understandable proportions and determination of a grouping technique. 

The technique initially appearing to have the potential for optimally 
combining communities into hierarchical groups was combinatorial programming 
(Scott, 1971). Combinatorial programming provided solutions to the hier- 
archical grouping problem. An example is shown in Figure III-A. The figure 
was constructed on the assumption that four communities (A, B, C and D) were 
to be optimally combined to satisfy some objective, given a measure of 
centrality for each community. The combinatorial programming methodology 
provided a calculation of all possible groupings which met the objective 
specified by the analyst. Unfortunately, the large amount of data in this 
study and the large number of communities included in the intermountain 
study region precluded the use of exact combinatorial methods. A.J» Scott 
has suggested that; 

the combinatorial explosiveness of so many problems remains a 
forbidding obstacle to the application of exact solution methods. 
It is indeed doubtful if the branch and bound or backtrack pro- 
gramming algorithms could handle any problem with much more than 
ninety or a hundred variables. • .it is often the case that combin- 
atorial problems can only be solved by sub-optimal approximations. 
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vjiere exactncsit of the final solution is sacrificed for the 
sake of cooputational tractlbility. The ..solution of pro- 
gramming problcas by approxication falls^^nsrally viehin 
* the class of coaputatlonal methods knovn as heuristic pro- 
graming , (Scott, 1971, pp, 36-7). 

The ftumbcr of activity locations In the region vas 538, and the 
economic data included seventy-four variables. To have used exact com- 
binatorial programaing methods to obtain the otptlmum combination of 538 

comztunities and one variable, the total number of combinations required 

538 

would have equaled 2 (including the null solution). This wovld have 
requireU an approximate number of combinations equal to 90,000 followed 
by 157 zeros! 

In view of the data processing limitations imposed by both time and 
storage capaci^ty, a sub-optimal method of areal delineation {i.e., one 
attempting the optimum, but not necessarily achieving the optimum) was 
selected. The specific programming algorithm chosen vas developed by Joe 
Ward (Ward, 1963). The expectation was that this algorithm would provide 
a sub-optlatal solution that would converge toward the optin»um.^ 

The Ward Algorithm required the minimization of the error sum M squares, 
ESS, for some variable X^. The objective function was written: 

n 

Minimize ESS « I X^^. 

1-1 



n 


2 




Z Xi 




(1) 


i-1 







7 

Theoretically, it was possible that the Ward Algorithm would provide a 
different solution for successive runs on the computer. Practically, the data 
were organized in rank-order form prior to the commencement of the analysis 
with the result that this modification provided the same hierarchical result 
for repeated runs on the computer. 
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The cowputdtlon began vlth n Rroups in the hierarchy. Subset^uent ccrtputa- 

tlons r^^sulted In th€ combination of th€ n groups in t a smallaer Kroup» for 

example, k (k it the parai»eter defining the number of groups chosen for the 

system of cities studied). For K!ht data reported herein, the nurf\ber of 

groups vas acsutned to be seven Therefore, the r,e^H$raliicd form of 

the objective function vas: 

Minimize ESS., . - ESS.^ + ESS,^ ^ ... (2) 

(k groups) (r.rcup 1) (Group 2) 

rc<; 
""(Group k) 

The Ward Algorithm began vlth k»538 (ESS, * ^-0) and combined 

k •> 538 

cortmunltles until k»7* CoTtmunltlcs verc combined such that no other coirbina* 
tlon could have produced a smaller Increase in the value of the objective 
function. Since all coirl>lnaticns vere not Included vh^m this algorlthrt vas 
used, the final solution would have a higher objective function value 
than If all combinations had heen used (see Scott, 1971, Ch. 9). 

Since the algorithm permitted the computation of a hierarchy with one 
variable at a tine, it vas necessary to compute a different hierarchy for 
each variable. Rather than to compute a different hierarchy for each varlabl 

and then tlnd an average hierarchy^ the variables vere collapsed into a 

g 

single and proportional index of centrallty, C^. If X^^ is the number of 
establishments for Standard Industrial Classification (SIC) code j (J » I,... 
n) in community 1 (1 « l,...,m), then a proportional v^eight for each type 
of business, ^® computed for each community as follows: 



Q 

Two Indexes of centrality were computed: one for the Economic 
variables and one for the health system variables. 
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I X 

l-l 

♦ 

where . 

P- - 1$ the proportional weight contributed to community 1 
^ by business establishments of type j. 

The proportions are then sucxmed over each J to compute 

The variable Is a centrallty index for each coinmunity and is similar to 

those computed by W« Davles (1967) and J. Marshall (1969). The single index 

of centrallty is used in conjunction with the Ward Algorithm to cctspute a 

9 

hierarchical system among the n communities. 

The single proportional variable^ as defined above^ requires a strong 
assumption: each economic activity defined by an SIC code ls» in the aggre- 
gate» of equal Importance to any other economic activity in the economic 
system. For example^ in the analysis reported herein, th^ eighty-six bicycle 
stores would have the same weight as 632 new and used-car dealers* 

The effect of the centrallty index is not inconsistent with the conclu* 
sicns of Central place theory since scarce activities will increase the 



9 

A similar procedure was used to compute a health-^car-? delivery index^ 

HC 

Y 



^ j-1 i«l 

where 

y • is the nxjrjierical value of some health-care variable i in 

^ community J. 



Influence of a cownunlty «s a central piece. The centrality Index Incor- 

pcrates this concept by giving more weight to en esteblisht'ent perfonning 

a rare activity than to an eetabliahment performing a mote ubiquitous 

activity^ Incorpoteted* in addition, is the idea that ccso&anitles with a 

greater number of establishments of any onis business type should also h<jive 

a greater influence as a central place. 

A final methodological cotranent on the deteralnation of the nun\ber cof 

hierarchical groups is appropriate. The suggestion in the literature is 

that, instead of specifying the number of hierarchical proups, the methodology 

is a search for the optimal number of groups for the study area (Berry» 

1967c; Mayfield» 1967; Levinskl. 1968). In this study, the objective vas 

the cptinisatton of a given nussfcer of groups. The nuwber of f roups utlllzeii 

vas seven. To justify that number* the following statement by Berry in the 

International ErK:yclopedla of the Social Sciences Is noted: 

Host students stigf^est that the urban hierarchy has eight levels 
in advanced Western economies, roughly: the national capital; 
national metropolitan centers; regional metropolitan centers; 
regional capitals; small cities (e.g., county seats); towns: 
villages; and hamlets. A possible ninth level is that of the 
world city, such as New York ^t London. (Berry, 1968). 

Xf Denver Is considered a national metropolitan center, then seven groups 

in the study region are consistent with the above statement. Moreover, the 

seven group hierarchy employed In this study conforms to the conclusions of 

the hierarchical studies of Saskatchewan (Hodge, 1965) and Minnesota (Bor- 

chert, 1963) — two regions which appear to be similar to the intermountaln 

study area. 

E. DELINEATING ECONOMIC SERVICE AREAS 
The delineation of service areas or areas of influence was linked to 

1 
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decisions made with respect to two qu«:stions: (1) what k^nj uf influence 
was to be used as the conceptual basis for delineating arcas^ and (2) what 
criteria were to be used in drawing boundary lines. 

1. Conceptual Basis 

The primary concern in this study was to determine rctai] !?.arket areas — 
the distances coasurters travel for various hierarchical goods and services. 
For example, an electrical appliance store would serve custorers travelling 
greater distances than would a general merchandise store, since electrical 
appliance stores occur less frequently and only in coTOunities of higher 
rank in the central place system. These higher ranked comnunit ies vere 
expected to have larger areas of influence. The Information concerning 
consumer distances travelled was found in data on goods purchased And on 
types of establlsbTT^^iits frequented. In the absence of data on consumer pur- 
chases ^ands distances travelled, this study utilized newspaper circulation 
data to infer the distances travelled for retail purchases. The resulting 
areas delineated were called Service Areas, Also, the areas drawn were for 
comitiunit les and refiecte'i the types of goods and services sold in comn^unltles . 

2. Construction of Boundaries 

The criteria Used in dr£.^lng boundaries for service areair were the 
results of two def initicns. First, absolute service area was Hefined as the 
area over which the communlny has any Influence. If any retail buying by 
residents in an outlying ai ea was done in a particular coinr»ijnity, it was con- 
sidered part of that community's service area. Second, the relative s ervice 
area was defined as the ar^ea over which a community had greater influence 
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than any competing cociounlty. The extent to which either of these concepts 
id used' involves the characteristics of the study regioti and how competing 
and nonconpeting comunities are defined* 

Returning to the concepts of central place theory, coxmnunities of a 
higher order in the hierarchy sell goods and services of a higher prder~ 
those for which consumers are willing to travel farther* The assumption 
was in this study that the good§ of highest order sold by a community deter- 
mined the size of the service area* Therefore, the service areas of higher 

order communities were expected to be larger than for lower order communities, 
« 

Also, communities at any level in the hierarchy do not compete with any 
communities below or above them in the hierarchy because the areas of the 
lower and higher communities are not determined by the same level of goods 
and services. But, communities do compete with other communities in their 
own group, since their areas are determined by essentially the same goods and 
services. 

Initially, the absolute Service Areas were constructed from newspaper 
circulation data (discussed below). These areas were altered only if the 
areas of two communities in the same group overlapped. This alteration 
involved constructing a boundary between tha two areas connecting points 
of equal service strength. 

Newspaper Data 

The newspaper data used in delineating areas of influence in the 
Wyoming Intermountaln study region were obtained from Audit Bureau of €ir* 
culation (ABC) a^udlt reports for daily (excluding Sunday) circulation of 
newspapers in 1971. Data were collecte^i for twenty-nltie communities in 
which daily newspapers were published* 
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There are three reservations concerning the employment of newspaper 
data, aside from the possibility of inaccurate reporting. First, the use 
of newspaper circulation data assumes that consumers respond to newspaper 
advertising in their purchases of goods and services. Second, it is ' 
accepted that the newspapers advertising in different communities reflect 
the goods and services characteristics of the different hierarchical levels. 
Third, the ABC audit reports show circulation only in communities receiving 
at least twenty-five copies of the particular newspaper. Consequently, the 
newspaper circulation in very small communities does not show in the data 
thus preventing accurate assignment of these communities to the market areas 
of higlier order markets. 

While these reservations weakened the quality of infererices made from 
the data, they did not-'warrant the substantial expense of field surveys in 
the study region. The assumption that consumers respond to advertising in 
making purchases is probably accurate. In fact, earlier studies have con- 
firmed this (Converse, 1946: Reilly, 1929: Park, 1933). 

The newspaper data were processed by recording the names of the news- 
papers and total circulatjer^ in each community receiving daily newspapers 
from the twenty-nine publishing cities in the region. A computer map of 
the region shewing each central place was programmed and the data mapped 
for each of the newspapers. Each of the twenty-nine maps indicated the 
percent of dailies received in each community attributable to the newspapers 
from a particular publishing city.^^ 

^^ The Denver Pos t and Denver Rocky Mountain News data were combined to 
obtain totals for Denver. This vas the only city for which it was necessary 
to combine data. 
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Service areas were drawn taking into account the percent of newspaper 
circulation, the structure of the highway system, and geographical barriers 
which might influence consumer orientation. Specific deviations from news- 
paper circulation boundaries are discussed in the Service Areas section of 
Chapter IV. 
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CHAPTER IV ■ 
THE ECONOMIC SYSTEM 

In order for the methodology proposed in this study to be a useful 
planning tool, the results must be capable of meaningful interpretation. 
Therefore, the purpose of this chapter is not only to describe the results 
of application of the methodology to the study region, but to investigate 
the implication for planning purposes. 

This chapter is composed of five sections. In the first, characteri- 
zation of .the study region is presented. The second section is a discussion 
of the results of the hierarchical grouping of communities. The third sec- 
tion is a listing of propositions employed fox further Interpretation of the 
results of the grouping procedure. The application of the propositions to 
empirical results in the ©ttidy region is discussed in the fourth section. 
In the fifth section, the results of the methodology employed in constructing 
Economic Service Areas for the region are discussed and compared with regional 
maps of Rand McNally. Trade Areas, BEA Economic Areas, and Functional Economic 
Areas. 

A. CHAPJVCTERISTICS OF THE STUDY REGION 
A map of the study region has been included in the previous chapter as 
Figure III-l. The land area of the region is 230,451 square miles which is 
similar in land area to the summed land areas of Connect:icuu , Massachusetts, 
Rhode Island, New York, New Jersey, Pennsylvania, Ohio, Delaware, Maryland, 
Virginia, West Virginia, and the District of Columbia (combined land area of 
230,814 square miles). The populations of the two regions, however, are unequal. 



ERIC 



The study region has a 2,770»0O0 population with a population density of 
12 persons per square all®, vhlle the Eastern region has a 69,138,000 
population with a den0it7 of 300 persons per squar-t^ mile. 

Table IV-1 ii^dltides mom additional cowparatlve information on the 
study region versus the United States. According to Table IV-lA, the 
study region contains 6.3% of the total land area and 1.2% of the total 
population. Further, the population density in the study region is approx- 
mately one-fifth of the United States average. 

In Section B of Table IV-1, the study region is shown to have a lower 
percentage of all community size ranges except for the less than 1,000 range. 
In general, the Inference is that the study region is less urban than the 
United States. 

B. THE HIERARCHICAL STRDCTURE OF 
CENTRAL PLACES IH THE STUDY REGION 

The quantitative procedures by which the central place hierarchy was 

identified have been described in detail In Chapter III. The resultant 

seven hierarchical groups for the study region have been Included as Appendix 

C. Analysis of the Characteristics of central places in each of the groups 

allowed the following names and general descriptions to be given. 

1. Group ly — Regional Trade Centers 

A regional trade center has the following characteirlstlcs: (a) per* 
fortciance of all of the economic activities (functions) found in lesser trade 
centers is definite; (b) a fully developed infrastructure is evident (i.e., 
airports, highway system, public utilities, etc.); (c) as the focal point in 
the region, it dominates in both population and economic magnitude by a ratio 



TABLE IV-1 

COMPARISON OF THE INTERMOUNTAIN REGION TO THE UNITED STATES 



A. General Characteristics 





Total 
Population 


Total Land Area 
(square miles) 


Population 
Density 


Total Central 
Places 


Intermountain Region 


2,797,700 


230,451 


12.1 


545 


United States 


230,211,900 • 


3,536,855 


65a _ 


20,768 


Reglon/U.S. {%) 


1.2 


6.3 

. ._ 




2.6 



B. Central Place Characteristics 





Intermountain Region 


United 


States 


Central Places 
(population ranges) 


Number of 
Central Places- 


Percentage 
of Total 


Number of 
Central Places 


Percentage 
of Total 


100,000 or more 


4 


.7 


396 


1.9 


25,00 - 99,999 


9 


1.7 


1,905 




1,000 - 24,999 • 


104 


19.1 


8,952^ 


43.1 


999 or less 


428 


78.5 


9,515 


45.8 


Totals 


545 


100.0 


20,768 


100.0 



^It was assumed that the 627 urban places in the United States with a population below 2,500 had 
populations between 1,000 and 2,499. 



Source: Statistical Abstract, 197^. 
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of at least 2:1; and (d) it is a major metropolitan area playing a 
greater role in shaping opinions on current issues through the news media 

» 

(radio, TV, and newspapers) penetrating into adjacent states. 

2. Group 2, G2 — Sub-Regional Trade Centers 
■ 

These characteristics are displayed by a sub-regional trade center: 

(a) all economic activities (functions) found in lesser trade centers are 
performed; (b) a fully developed infrastructure is present; (c) although 
overshadowed in magnitude by the regional trade center it offers the same 
range of economic functions, though on a smaller scale; and (d) influence 
of opinions on current issues is possible through the news media (radio, 
TV, and newspapers) penetrating into adjacent states. 

3. Group 3, G^ — Wholesale/Retail Centers 

A wholesale/retail center has the following characteristics: (a) all 
of the economic activities (functions) found in lesser trade centers are 
available; (b) a wide range of wholesale and retail activities is present 
but the extent of penetration into the region is much less than for either 
regional trade centers or sub-regional trade centers; and (c) these centers 
have some influence ori current issues through the media but the influence is 
less than for the regional and sub-regional trade centers. 

4. Group 4, G^ — Primary Shopping Centers 

A primary shopping center is possessed of these characteristics: (a) 
all of the economic activities (functions) found in lesser trade centers 
are performed; '(b) fewer wholesale services, but a full range of retail 
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services aYe provided; and (c) its trade area and area of influence are 
restricted to adjacent counties* 

5. Group 5, — Secondary Shopping Centers 

The characteristics of a secondftTy shopping center are: (a) 
all economic activities found in lesser trade centers are available; (b) 
few wholesale services are provided and sooe retail activities are not 
present; and (c) its trade area and area of influence are restricted to the 
inonediate county. 

6. Group 6, Gg — Convenience Tenters 

. , — « 

Wholesale services are rare in these communities and many retail activi- 
ties are missing. These centers do not have dally newspapers and have popu- 
lations in the 3,000-5,000 range. 

7. Group 7, G^ — Minimum Convenience Centers and Hamlets 

VTholesale activities are virtually absent and most communities have 
only convenience services (e.g., service stations, general stores). These 
centers are small in size, usually less than 1,000 population. On the 
average they have ten businesses. Further, these places are not , strictly 
speaking, central places. 

G. ANALYSIS OF MARGINAL INTER-GROUP DIFFERENCES 
While the above section Is a description of the broad characteristics 
of central places within each of the seven groups, a more specific differ- 
entiation is needed between the groups. A closer analysis of group charac- 
teristics would allow inductively determined generalizations of the criteria 
for inter-group movements. The task in this section is the development of 
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a conceptual framework for discussing lnter«-group differences and the 
resulting Inferences for Inter-group movements. 

■ Mentioned In Chapter II Is one of the Important tenets of central place 
theory: centers of each higher group perform all of the functions of lower 
groups, plus additional functions that distinguish them from tk-2 lower- 
grouped centers. For any inter-group movement upward or downward in the 
hierarchical system, there exist "hierarchical marginal goods" (activities) 
which are added to or subtracted from the original nucleus of activities. 
Although these kinds of activities are recognized in the literature of 
central place theory and althov^^h attempts have been made to identify these 
activities, a formal and generalized method of analysis does not exist. 

In addition, it has been argued in Chapter III of this study that the 
hierarchical ordering of central places is also influenced by the number of 
business establishments contained. In summary, there are two factors influ- 
encing the location of community i in Group k: (1) the presence or absence 
of each economic activity and, (2) the magnitude of each economic activity. 
Using these factors, the four propositions below are advanced to provide 
an operational dimension for classifying differences between groups of central 
places. 

1, Proposition 1; The Ordering of Economic Goods 

Any set of economic activities can be arranged from the highest order 
of economic activity to the lowest order of economic activity. 

^^Although a range of economic activities might be either cardinal 
or ordinal in nature, in this section a combination of both cardinal and 
ordinal was used to identify the complete order of goods • 
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The order of economic activities is subject to two major forces: 
(a) population (both -within the central place and in the dependent 
hinterland), and (b) entry restrictions (e.g., banks are regulated while- 
service stations are not). Higher-order economic activities include cor- 
porate leadership for national and multinational corporations, while lower- 
order economic activities include the ubiquitous activities identified by 
Philbrick (1957): (a) infrastructure (I), considered a surrogate for 
transshipment and defined to include highv.^aysj^ air freight, radio stations, 
and ne$;spapers: (b) wholesale (W) activities; (c) wholesale/production (WP) 
facilities, fj^cluding activities in which the same business engages in 
both wholesale and production activities (some of the output may be sold 
directly to consumers) such as meat processing, cement and cement products 
production, bottling plants, and oil refineries; (d) specialized retail 
outlets (S) , encompassing jewelry stores, sporting goods stores, and used- 
car dealers: (e) convenience retail outlets (C) , covering such ubiquitous 
retail outlets as restaurants and service stations; and (f) specialized/ 
convenience retail outlets (SC) , including retail outlets which can be 
differentiated from S and C retail outlets as having different character-- 
istics,^^ This set of .seven elements is represented along a continuum as 
in Table IV-2. 

2. Proposition 2: Inter-Group Marginal Economic Activities 

Given a hierarchical economic system, the entire set of economic 
activities will be found in central places belonging to the highest 



To distinguish between S, SC, and C retail outlets, which 
represent differences along some continuum, see Figure IV-1, The 
heuristic programming algorithm was used to group the retail outlets' 
activities for three groups such thafthe error sum of squares was 
minimized . 



CONTINUUM OF 
ECONOMIC ACTIVITY 



DISCRETE ORBER OF 
ECONOMIC ACTIVITY 



Highest order of economic activity 



INFRASTRUCTURE 
WHOLF.SALE ACTIVITIES 
wholesale/production ACTIVITIES 
SPECIALIZED RETAIL ACTIVITIES 
SPECIALIZED/CONVENIENCE RETAIL ACTIVITIES 
CONVENIENCE RETAIL ACTIVITIES 

LOWEST ORDER OF ECONOMIC ACTIVITY 

FIGURE IV- 1 
A CONTINUUM OF ECONOMIC ACTIVITY VERSUS A 
DISCRETE ORDER OF. ECONOMIC ACTIVITY 
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order <.j^r'jup» Fcr rH?ve!r.cni,'t dovn tl;'- UicrArcbicAl oyster frorn 
group to i^roup, the order and nu/;nltuife of ^•conciflc activities 
performed hvr.cv:e le*r. for each group. 

On the basis ol Proposition 2, proups can be differentiated by the 
order of eccncnlc activities they pcrforn. For instance, if a central 
place should move upvard frotn its 5rlpinal group to another* it vould be 
expected that one or more hi j^her-order activities vculd he added to the 
original intra-gro,up n<aclcus» and that there vb»ould be an increase in 
th«* nuftiber of businesses in the original set of intra*j»roup activities* 
On the other hand, if a central place should move froi?i Its original! f.roup 
to the next lower proup, it would he, expected that there vould be a 
decline in the nutsber of businesses and the nua^er of eccncaiic activities 
as soTT.e of the previous activities could not be supported by the lover 
level of economic activity. The economic activities added or subtracted 
due to inter-group tr.ovenient axe described ris inter-group marf^inal economic 
activities (IMEA's). 

3, Proposition 3: Ma ^nitujde of Inter*nroup Fconoir.ic Activities 
If the members of any tvo groups in a hierarchical economic 
system perform the sane order of activities, then the magnitude 
of the activities performed by the members of the higher-order 
group will be greater than the magnitude of the activities 
perforrted by the lower^order group. 

In using Propositions 2 and 3, it can he inferred that there are tvo 
conditions for inter^group movement for some community i, Higher^order 
activities (Proposition 2) must be added (subtracted) to the nucleus of 
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) ecouomic 'activities performed by r.oiranunity 1 if it moves to^another group, 
^ This IMEA condition is a necessary condition for all inter-group movement. 
For inter-group movement to occur (Proposition 3) , the magnitude of 
eLOi-c.;..j r activity must change as a sufficient condition for any inter-group 
movement by i. 

A. Proposition 4; Ne c essary and Suf f i cient Conditions for Inter-Group 
Movement 

For any inter-group movement, it is necessary that the set 
of economic activities changes (i.e., IMEA's to be added or 
subtracted), and it is sufficient that the magnitude of 
economic activities changes increases or decreases in 

the number of businesses). 

Two corollaries foil . irom Proposition 4. 

Corollary 1 

If for some group j, and activity i, if i is present, then all 
economic activities of lower-order than i are; also present. 

Corollary 2 i 

I 

If for some group and activity i, if i is not present, then 
the higher-order activities i-1 through m will not be present. 
The above propositions and corollaries should be applicable to any 
ecoriornic system. Although the IMEA's may vary between economic systems 
due no Institutional, cultural, and other differences, the criteria are 
applicable. The penerality of the propositions and corollaries can he 
illustrated v;ith a 4x4 matrix. 
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Eccnonic 
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FIGURE 

>!A1RIX ILLUSTRATION OF TIVE 
ORDER OF ECONOMIC ACTIVITIES 



Froposition I applies to the economic activities ranked on the left 
t^Z'd i^i^le of th« "ff-^trix in vhich cccr:cTOlc activity 1 is of a hig,her oftler 
titan 2» 3. and ; 2 is of higher order than 3 and A; and 3 Is of higher 
order than 4, By applying Proposition 2, it is observed that all four 
orders of economic activity are present for Croup 1, and that at least 
one economic activity is eliminated in moving from Group 1 to Croup 2 and 
f-o on throujjh Group 4. Proposition 4 requires that this occur as a 
necessary condition. Proposition 3 requires that, for ^ny row, the ragr.itude 
decreases for each group in moving from left to rlfht, 

Fin.^lly, Corollary 1 requires that if X^^ is present {i,e., X22)i t}.cr\ 
all X . mjst be present for all i of lower-order (i.e., X^^ and.X,^)- 
Corollary 2 requires that if X.. is rcNt present (i.e., X^, ) then all X. . , 
irust be absent for all i of higher^order (e.g*^ X^. and X, . ) > Theoreticallv , 
all elcr.cnts of the r.atrix to the right of the diagcnal vould, therefore, be 
zero* 
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t>. APPLICATION OF THE IMEA ANALYSIS 
It was explained In Chapter III that the variable reduction procciisi 
resulted in the seven p,roup central p,\ace hierarchy for the study rcRlon 
formulated from 74 economic variables* To take into account 74 variables 
In the description and analysis of this large a system becair.e extremely 
compl-ex^ To ease the difficulitics in discussing the eccnor^ic s^ysteQ, the 
74-varlable system vas simulated using a s!r-aller number of economic varia* 
bles. A combination of factor analysis* step-vise regressiorv, and personal 
judgment (the latter was used when the two statistical results were 
incorisistent) vas used to reduce the 74 variables to 17 variables. The 
17 variables are listed in Table 

The l7-variable system yis^ trrore mAxiai^^hW than the 74*varlable systtn. 
but clear and distinct breaking points in defining lMLA*s vcre more difficult 
to identify. Nevertheless, this research project was designed to ^tn^Me the 
study of a rural region, and the 17 variables did permit the identification 
for Croups 4 through 7*-gro\jps with the smallest average population site 
and, therefore, representative of a rural eccnomic system. 

The average number of businesses for each economic activity and for 
each group Is recorded in Table lV-4 , The economic activities have been 
ranked according to their order in th^i ecencyjTJ^c system vith the least ubi- 
quitous activities ranked first and the most ubiquitous last. To eliminate 
the problem of fractional averspies (i.e., 0.05)^ operational rules vere 

^^To test the accuratcy of the 17 variables in ^depleting th< economic 
©ystem^^ a regression vas computed using the cent^ality index for 17 
variables as the idepensSeat variable and the centrallty index for the 74 
variables £s the independent variable. The resulting multiple R vas 
0.99904 and the vas 0.99807. The t-statistic had a value of 281,252.3. 
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TABLE IV^2 

VARIABLES USED IN THE 17-VARlABLE ECONOMIC SYSTEM 



SI C CODE Nl>iBER SlC CDDE PRESCRIPTION 

A- W1^01E5:ALE ACTIVITIES 

5022 Wholesale Drugs and SuncJrics 

5041 Uholesale Groeerles and Frozen Foods 

5072 Wholesale Har<!lware 

S081 Wholesale Commercial Farm Machinery 

and Equipment 

5097 Wholesale Furniture and Home Furnishings 

n. SI'LCIALiZED RETAIL ACTIVITIES 

5231 faint and Glass Stores 

5462 Bakeries 

5511 New and Used Automobile Dealers 

56^1 Shoe Stores 

57 J 2 FiirnJiyre Stores 

5971 Jewelry Stores 

8111 Lawyers 
C. SPECIA1.1ZED/C0NVENIENCE RETAIL ACTIVITIES 

5912 Drug Stores 

7200 Personal Services 

D- CCN\TNIE!^CE RETAIL ACTIVITIES 

5311 Department Stores and Related Stores 

5541 Automobile Service Stations 

5812 Restaurai\)ts 



61 



ERLC 



TABI.E IV-3 



AVERAGE NUMBER OF BUSINESSES BY SIC CODE AND HIERARCHICAL GROUP, 
17-VARIABLE ECONOMIC SYSTEM 



HIERARCHICAL GROUPS 



WHOLESALE ACTIVITIES 


- 1 


2 


3 




4 




Gc 
5 




6 




7 




Groceries & FroEen Food 


70.0 


34.0 


7 . 


,3 


3. 


,6 


1. 


2 




, 3 




.0 


Coinin . & Fam Machinery & E()uip« 




40.0 


4 . 


, / 


3 . 


, 4 




8 




. 2 




. U 


Hardware 


32,0 


15.0 


2. 


7 


1, 


, 0 




3 




, 0 




. 0 


Furniture it Home Furnishings 


97.0 


43.0 


4. 


3 


1. 


,5 




2 




,0 




.0 


Drugs and Sundries 


28.0 


17.0 




7 


1. 


2 




0 




,0 




.0 


SPECIALIZED RETAIL ACTIVITIES 


























Lavyers 


999. r 


•^00.0 


83. 


3 


59. 


1 


13. 


3 


4. 


, 2 




.2 


New Uscii Car Diialers 


9:. ■■ 


49.0 


18. 


0 


12. 


2 


5. 


9 


2. 


7 




.1 


Furniture Stores 


160. u 


79.0 


30. 


3 


14. 


4 


5. 


1 


' 1. 


6 




.1 


Jewelry Stortjs 


iUi. . U 


*I0, U 


in . 




Q 

O . 


Q 

O 


3. 


4 


1. 


1 




.0 


Shoe Stores 


68.0 


29.0 


14. 


7 


7. 


9 


2. 


3 




,5 




.0 


Bakeries 


38.0 


36.0 


7. 


7 


■ 4. 


6 


1. 


9 




,7 




.0 


Paint. & Glass Stores 


106.0 


85.0 


16. 


0 


9. 


4 


3. 


0 




5 




.0 


SPECIALIZED/CONVENIENCE RETAIL 


























ACTIVITIES 


























Personal Services 


999.0 


670.0 


184. 


3 


88. 


,1 


27. 


7 


10. 


,2 




.8 


Drug Stqres 


208.0 


77.0 


29. 


0 


12. 


,9 


4. 


7 


2. 


2 




.2 


CONVES'TENCE RETAIL ACTIVITIES 


























Service Stations 


730.0 


344.0 


141, 


3 


74. 


,0 


26. 


0 


10. 


1 


1 


.5 


Restaurants 


844.0 


3^7.0 


112. 


,0 


62. 


,5 


22. 


2 . 


8. 


.6 


1 


.3 


Department & Related Stores 


134.0 


45.0. 


22. 


0 


11. 


,9 


6. 


8 


3, 


,1 




.6 


NUMBER OF COMMUNITIES 


L 


1 


3 




8 




21. 


64 


440 
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adopted ^ (1) for all retail activities in Table IV-3 for which the 
average was less than 2.0, the element was assigned a value of zero; 
and (2) for all wholesale activities for which the average was less 
than 1.0, the element was assigned a zero value. The assumption under- 
lying these procedures was that communities having fewer than two estab- 
lishments of any retail activity were noncompetitive for that activity. 
A similar assumption applies to the number 1.0 for wholesale activity. 

Another operational rule ^"as that individual economic activities 
could not qualify as IMEA's. Rather, sets of economic activities were 
required. For example, the lowest order of economic activity was defined 
to be the set C - [5541, 5812, 5311]. To give operational meaning to 
this set definition for economic activities, the assumption was that an 
activity existed in a central place group if, and only if, 50% or more 
of the elements in the activity's set were present on the average. The 
results of the application of the I>fEA analysis to Groups through 
in the study region are described below. 

1. IMEA Analysis 
IMEA for G-, - 

The II'IEA for Groups G, and G_ has been formed by combining activity 

b / 

sets S and SC. The average number of business establishments in Group 7 
for this combined set of activities is zero (see Table IV-4). Since they 
are all present in Group 6, the necessary condition for inter-group move- 
ment is satisfied. Examination of Table IV-4 also reveals that the 
magnitude of economic activities increases in every case with movement to 
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TABLE IV-4 



AVERAGE NU-MBEK OF BUSINESSES BY SIC CODE a:IO HIERARCHICAL GROUP, 17-VARIABLE 
ECONOMIC SYSTEM, CORRECTED FOR OPERATIONAL RULES L AND 2 





• 




HIERARCHICAL 


GROUPS 










G, 


G^ 


G 






G^ 




G^ 


G, 


Set W: 


1 


2 


3 




5 




6 


7 


WHOLESALE ACTIVITIES 




















Grcceries & Frozen Food 


70. 0 


34.0 


7 


.3 


3.6 


1. 


2 


.0 


.0 


Comm. & Farm Machinery & Equip. 


105.0 


40.0 


4 


.7 


3.4 




0 


.0 


.0 


Hardware 


32.0 


15.0 


2 


. 7 


1.0 




0 


.0 


.0 


Furniture & Home Furnishings 


97.0 


43.0 




^ 3 


1.5 




0 


.0 


.0 


Drugs and Sundries 


28.0 


17.0 




. 0 


J. • L 


• 


0 


.0 


.0 


Sl'I S: 

SPECIALIZED RETAIL ACTIVITIES 




















Lawve rs 


999.0 


800.0 


83 


.3 


59.1 


13. 


3 


4.2 


.0 


N<iw & Used Car Dealers 


92.0 


49.0 


18, 


.0 


12.2 


5. 


9 


2.7 


.0 


Furniture S'-ores 


160.0 


79.0 


30 


.3 


14.4 


5. 


1 


.0 


.0 


Jewelry Stores 


101. n 


46.0 


14 


.3 


8.8 


3. 


4 


.0 


.0 


Shoe Stores 


68.0 


29.0 


14 


.7 


7.9 


2. 


3 


.0 


.0 


Bakeries 


38.0 


36*0 


7 


.7 


4.6 


1. 


9 


.0 


.0 


Paint S Glass Stores 


106.0 


85.0 


16 


.0 


9.4 


3. 


0 


.0 


.0 


Sec SC: 




















SPECIALIZED/CONVENIENCE RETAIL ACTIVrTTES 




















Personal Services 


999.0 


670.0 


184 


.3 


88.1 


27. 


7 


10.2 


.0 


Drug Stores , 


208.0 


77.0 


29 


.0 


12.9 


4. 


7 


2.2 


.0 


Set C: 




















co^^vt:^aENCE retail activities 




















Service Stations 


750.0 


344.0 


141 


.3 


74.0 


26. 


0 


10.1 


.0 


Restaurants 


844.0 


347.0 . 


112 


.0 


62.5 


22. 


2 


8.6 


.0 


Department & Related Stores 


134.0 


45.0 


22 


.0 


11.9 


6. 


8 


3.1 


.0 


NLT^IBER OF COMMUNITIES 


1 


1 


3 




8 


21 




' 64 


440 



ERIC 



higher groups in the system. This fact satisfies the sufficient condition 
£or movements between and Gg* 

imA for and G^ 

The activity set forming the IMEA for this inter-group movement is 
represented by the set S in Table IV-4, In Gg only 29% of the elements 
of this set are present, while 86% are present in G^. Thus, the necessary 
condition for inter-group movement is satisfied and, given the consistency 
of incT^'easing magnitudes, the sufficient condition is satisfied as well. 

IMEA for G- and G, 

Activity set W represents the IMEA for this movement. Twenty percent 
of the set are present in G^, while 100% are present in G^. 

The above results are consistent with central place theory since no 
two groups possess the same IMEA's, and since the magnitudes of the activi- 
ties for adjacent .groups are found to be different. No attempt was made to 
determine the IhfEA*;-- for (a) Groups 3 and 4, (b) Groups 2 and 3, and (c) 
Groups 1 and 2, since Groups 1, 2, and 3 were considered to be representative 
of urban places. Furthermore, to identify the IMEA's for these three groups 
the 17-variable system is inadequate 

2. Evaluation of the IMEA Analysis 

Formal attempts to identify the IMEA's are infrequent in the literature 



This conclusion was supported by a non-parametric sign test that 
was statistically significant at the 5% level, 

^^A forthcoming master's thesis by Jeffrey White, University of 
Wyoming, will identify the IMEA*s for the 74-variable system in the 
intermountain study region. 



o£ central place theory. The propositions, corollaries , and criteria 
specified above are attempts to formalize an approach for identification 
or ■'-nter-group marginal economic activities for a regional system of 

cora-riunl?:les . These attemv^ti^ -ice therefore oubject to question an-^ revision. 
Nevertheless, they do define precisely che basis for the identif iccition of 
the economic activities causing differences of adjacent groups. 

Accordingly, it 'the economic system and health-care delivery system 
are similar, then the IMEA's in the economic system may be used as surro- 
gates' for the inter-group margina- ictivities in the health system. Given 
the more readily available data on the economic system, the economic IMEA's 
may be useful in health planning, h.-. v:^. manpower planning, and for planning 
the location of health manpower education facilities and programs. 

E. ECONOMIC SERVICE .\REAS 
. The Economic Service Areas delineated for the study region are shown 
in Figure IV-3k The handling of the newspaper data utilized in the con- 
struction of the Service Areas v;as explained in the previous chapter. 
Service AreaB were constructed for the top five community groups in the 
hir*rarch-. iiiace these would be adequate for comparisons with other methodol- 
ogies. The purpose of this section is to discuss and analyze the Economic 
Servicit Areas and to compare them with Bureau of Economic Analysis (BEA) 
Areas, RavA McN;m Iv Trade Areas, and Functional Economic Areas (FEA's) for 
the region. 

The iTio:-;t noteworthy spatial feature of the study region is that all of 
the cities in the top three groups of the hierarchy are j.ocated at the 
fringes of the region rather than at the center. Several consequences arise 
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FIGURE IV-3 

MAP OF THE STUDY REGION ILLUSTRATING THE ESTIMATED ECONOMIC SERVICE AREAS 
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from this peculiarity and each is discusned. 

•First, the location of higher-order cities at the outer edges of the 
study region confirms the rural nature of the State of Wyoming. No Wyoming 
city enters the hierarchy until the fourth group, and diun only tv/o ^ppear 
(Cheyenne and Casper). As a consequence, Service Areas fur citie; •" i ni^ 
top three groups of the hierarchy should extend far into the state. The 
Service Area map indicates that this is true for Denver and Billings. The 
Denver influence is strong in southern Wyoming and decreases to the North. 
However, the Service Area of Salt Lake City penetrates into a fraction of 
Wyoming due to the mountaijious te. "n western Wyom.ing as well as to the 

importance of Denver throughout most of the state. 

A second consequence resulting from the peculiar placement of upper- 
group cities is thk var* * - in sizes of Service Areas for cities in these 
upper groups. In comparing the areas for the cities in the third group, a 
large area for Billings, Montana exists but very small areas are indicated 
for the two other cities in this group — Ogden, Utah and Logan, Utah. The 
location of Ogden and Logan in a comparatively densely population section 
of the region and geographic isolation (note the mountains) from the rest 
of the region have decreased their areal influence. This wide range in 
Service Area sizes is found in Group 4. For example, compare the area 
for Bculder, Colorado, located in the dense population of the Denver section 
of the region, with the area for Casper, Wyoming centrally located in a 
section with a sparse population density. 

Third, the location of higher-grouped cities leads to the suggestion 

L::ac Lhe study region is not a self-contained hierarchical system. Denver's 

total Service Area includes much more than the study region. The same will 

be true for Billings, Salt Lake City, and Rapid City. That these observations 
O 
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are triw»^i§ not particularly bothersome » however, as the purpose of the 
study was not to delineate a self-contained Central place system. The 
purpose was to analyze the economic links between residents of Wyoming . 
and their sources for goods and services. 

1. Comparison w i th BEA Area s 

The primary difference between the BEA Areas for the study region and 
the Economic Service Areas is the conceptual divergence with respect to the 
hierarchical nature of ccmnunities . A comparison of the two maps (Figures 
IV-3 and IV-4) shows nota^^le differences between the numbers of areas. The 
region encompasses one complete BEA Area and parts of seven more. The 
Econon'ic Service Areas are thirty-four in number, and all but seven are 
within the region. Although the BEA Areas do not reflect the hierarchical 
nature of communities in the region, the Economic Service Areas do. For 
example, Denver's area of influence in the BEA construction does not extend 
into the State of Wyoming. In this study, the assertion has been made that 
for some types of specialized goods and services, Denver's influence extends 
over most of Wyoming. This is reflected in the Economic Service Area for 
Denver in Figure IV-3. 

A result in the BEA Areas map for the study region is that Cheyenne 
and Casper are in the same economic p.rea rather than being central cities 
"or two separate areas. Each is approximately twice as large as any other 
city in the state, and they are about 180 miles apart. While the Economic 
Service Area map shows tha: Casper's influence extends over a much greater 
area, the BEA labels Cheyenne as the central city for the large area con- 
tp.ining both cities. The study of newspaper data reveals that Casper's- 
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influence extends over a much larger area than Cheyenne's. Moreover^ 
even 'though Casper av^ ^"heyenne are in the saxne ;?roup in the hierarchy* 
Casper has n high^^ cp^•'l^^]^ly index than does Cheyenne (see Appendix C). 

.av&i? «-V'" 3 more geotnetrJc and easily read map because the 
area boundaries are constructed along county lines. Remembering tnac 
economic area boundaries do not automatically follow political boundaries, 
empirical evidence is needed to substantiate the construction. The BEA 
Areas do not use empirical evidence to justify this procedure. 

Finally, as planning units, the Economic Service Areas appear to be 
more versatile since they allow for a wider range of planning opportunities. 
Economic growth policies might concentrate upon larger areas in the region 
and their nodal centers while planning for public servic»2>s (e.g., health 
services) would require knowledge of smaller communities and the extent 
of their service areas. 

2 . Comparison with Rand McNally Trade Areas and FEA's 

Rand McNally Trade Areas and FEA's for the region are shown in Figures 
IV-5 and IV-6, respectively » Ntany of the criticisms discussed above for BEA 
Areas are applicable to Rand McNally Areas and FEA*s. An absence of a 
hierarchical delineation for the study area exists. The areas are fewer in 
number than for Economic Service Areas and, consequently, show less detail: 
and the area boundaries follow political boundaries. 

A final cricicism with respect to FEA^s is the amount of area in the 
i region not Included in any FEA. To highlight this feature, the FEA*s 
h«ive hrten shaded. The v-shaped area in northern Wyoming is not assigned. 
• he use oi: FEA's as constructed by Berry would make public service planning 
dirficult. 
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FIGURE IV -5 

MAP OF THE STUDY REGION ILLUSTRATING THE RAND McNALLY TRADE AREAS 
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Th€ coBptritOQ of four tttthodolottftt for the conttruttion of trcas 
of InflutQCft Ic&dft to the conclutloci thtt Economic Service Arete conetructed 
.vlth nevepeper cltculetti^n date etid a rente of econoolc ectlvltlee have a 
isore eolid eaplrlcal baaie than the other three » and provide nora detailed 
information than the others. 

F. CONCLUSION 

Central place theory Is, In fact, empirically applicable to a rural 
region. The resulta obtained by using the centrality index with the Ward 
algorithm are encouraging as a method for identifying a regional hierarchical 
system. Refinements and extensions are necessary if the precise identifi- 
cation of IKEA's is to become operational!, 

The delineation of Economic Service Areas using newspaper circulation 
data gives more reasonable results for the rural study region than do 
other popular formulations, such as BEA Areas^ Rand McNally Areas, and 
FEA Areas. 
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CHAPTER V • 
THE HEALTH-CARE DELIVERY ' SYSTEM 

The structure of this chapter and the discussions within the sections 
are similar to the structure and discussions in Chapter IV. However,- 
. a major purpose in Chapter V is the application of the centrality index and 
the heuristic programming algorithm to data for the health delivery system. 
Another major purpose of this chapter is a detailed description of health 
data sources utilized in the study. Health planning and health analysis 
are complicated by the absence of data sources. This problem is compounded 
when the region being studied is comprised of parts of several states, as 
is the case for this study. Consequently, lessons may be learned from 
the procedures followed in gathering health data. 

The chapter is composed of five sections. Section A is a description 
of the health data sources: Section B is a characterization of the health- 
care delivery system for the study region in gcncfAl terms; Section C is 
an Identification of the seven groups of places and service sress in tha 
health'-care hierarchy for the region; Section D is sn sndlysls of Inter- 
^K3»r^,if^iiJ f f^r^tied^; and faction f Is the ccncltislon. 

A. HEALTH r>ATA SOURCES 
At the onset of the data collecting phase, both quantitative and 
qualitative data were sought. The quantitative data were comprised of the 
numbers of health manpower by type, and the numbers and locations of health 
facilities by type. Qualitative data included age, education, and employment 
situation (active or inactive) for the health manpower: and the types of 

r 

services offered by health facilities. 
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.While* quantitative and qualitative data were necessary in order to 
obtain a comprehensive view of the health-care system, a major restriction 
w£is placed on the data collection. Since the study area encompassed seven 
states, the data utilized were restricted to those which could be combined 
or readily compared. 

To gain an overview of the health-care delivery system of the study 
region, many agencies were contacted. These agencies included the 
Comprehensive Health Planning agencies in the seven states, the Mountain 
States' Regional Medical Programs, the Colorado-Wyoming Regional Medical 
Program, the Intermountain Regional Medical Program, the Bureau of Statistical 
Services of Utah's Division of Health, Wyoming's Division of Health, the 
Pullic Heal'zh Service of Colorado, Sweetwater Health Services, Inc. of 
Rock Springs, Wyoming, the Higher Education Council in Wyoming, the Core 
Curriculum Program of South Dakota, and the Colorado State Board for 
Cosrsunlty Colleges and Occupational Education. Members of the various 
licensing boards were also interviewed regarding the general location and 
background of health personnel in their respective, occupational field. 
The researchers also attended a legislative hearing on a proposed medical 
school for Wyoming. Though the Infomation obtained from these sources 
wa« Interesting and gave the researchers an understanding of the health- 
care delivery system, the Information could not be correlated and, 
therefore, could not be Incorporated into a statistical regional analysis. 

1. Health Manpower Data 

Only two sources were found to provide both quantitative and qualitative 
data on health manpower in all seven states — the American Medical Association 
Directory (1969) and the American Dental Association Directory (1972). The 
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AMA Directory provided 8emi<-detalled information on physicians » such as 
their specialty, educational backgroimdf and age. The ADA Directory 
provided similar information on dentists, though this information was ^not 
as current. Therefore, for data on the number of physicians and dentists 
in the study area, the AMA Directory and ADA Directory were used. 

Census data were examined, but since the breakdown of information was 
given only for counties and urban areas, the data could not be used for 
this study. 

For health manpower other than physicians and dentists, the Health 
Profiles for Idaho, Montana, and Wyoming, published by the Mountain States 
Regional Medical Program and the Western Interstate Commission for Higher 
FHucation, were viewed as possible data sources. The information from these 
sources was fairly accurate; except that the Idaho and Montana studies, 
being several years old, were somewhat out-of-date. The other major 
problem concerning the Health Profiles was that they were not available for 
Nebraska, Utah, South Dakota, or Colorado. 

The various allied health professional associations were contacted for 
information concerning their resprctive members; but since not all members 
of a profession join their respective association, the membership lists 
were incomplete. 

After an extensive review of the available data, state licensing 
rosters of the allied health occupations were determined to be best suited 
for the data needs of the study. The count of health personnel was tabulated 
by the community of residence listed in the rosters. This count presented 
a fairly accurate nuiqber of health personnel within a community and 
prevented any counting of health personnel licensed from out-of-state. 



•The ihf oraation fro© th« rostert did represent gross numbers of 
^ealth manpower. Froa the i&foxvatlon obtained In the licensing bureaus' 
files of one state, a small percentage of the licensed manpower was found 
tc be inactive in their respective professions. For example, many of. 
the licensed nurses were not actively working in nursing. Since the 
majority of nurses nre female^ the assumption was that some leave their 
field temporarily to become housewives aad mothers. A survey - L.F.N. 's 
conducted by the Bureau of Statistical Services cf Utah's Division of 
Health showed large numbers of active nurses in the below-30 age bracket, 
a decrease of active nurses between the ages of 30 and 40, and an increase 
of active L*P.N.'a in the over-AO age bracket. The results of the survey 
Indicate thac nurses Jo leave their profession at some time to raise 
families but remain licensed with the intention of returning to work. 

The use of figures for actively employed manpower might be more 
accurate for the study. Due to the long time period needed to collect 
this data, it was not attempted. Moreover, there vere other obstacles 
to obtaining these data. One state licensing bureau refused access to 
the record files; while another state bureau, in tha process of converting 
over to data processing, did not have the information available. 

The use of state or county percentages of unemployed health manpower 
to adjust the figures for communities was considered but was ruled out 
since the percentages could not be applied to cities and towns having 
only one or two health personnel. The methodology for computing the health 
index was derived from relative values. As long as the percentage of 
inactive manpower was constant across the region, the re!:^ults would not 
be altered.*^ Admittedly, such an assumption was not realistic. However, 
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the alternative was to adjust all figures downward by some percentage 

order to approxlxoate active manpower. Decreasing the absolute number 
of a type of manpower for all communities by the same percentage had no 
relative effect on the health index. 

At the start of the data collection, information was sought on 
non-licensed health manpower. State licensing bureaus did not have information 
on such certified occupations as dieticians and medical technologists. The 
state associations either did not exist, did not respond, or did not have 
complete listings on the certified manpower working in th<i state. An 
extensive survey of every hospital, clinic, and doctor's office would have 
been the only means of collecting these data. The contract prohibited all 
survey work; hence, no attempt was made to collect data in this manner 

Information was sought on federal physicians and other federal health 
manpower. Unfortunately, only one state, South Dakota, provided compre- 
hensive information on federal health manpower. Information on che number 
of federal physicians on Indian reservations was obtained from the Public 
Health Service in Denver. Information on the federal physicians working 
in VA hospitals and military installations was sought from those institu- 
tions, but information obtained was spotty and could not be correlated. 
Therefore, due to the incomplete nature of the infomation obtained on 
federal physicians, these data were not included in the study. 

2. Health Facilities Data 

Obtaining information on hospitals, though many sources were 
available, was more difficult than obtaining information on manpower. 
Hill-Burton reports c6ntained information on construction of federally- 
funded hospitals, but no information on facilities within the hospitals. 



The bed codut from the Hill-Burtotv reports often did not coincide with the 
number reported in the American Hospital Association Guide , 1970, 1971, 
1972, and the WICHE reports. One reason for the discrepancies was that 
Hill-Burton only listed the beds supported by federal funds. Another, 
reason was that the hospital administrators answered the various question- 
naires differently depending on the purpose of the questionnaire. Information 
was also obtained from the Bureau of Health Insurance (BHI) , but the BHI 
only listed hospitals that are Medicare/Medicaid approved. Again, the 
necessity for complete and comparable data for all seven states dictated 
that the AHA Guide be the source for the hospital information. 

The Guide did present some data problems. The figures for the number 
of beds fluctuated yearly. Several hospitals in the study were listed 
as "non-reporting" in the 1972 Guide, so the data had to be obtained from 
the 1970 or 1971 Guides . Some question developed as to the hospital 
administrators' interpretations of the te.rm "facility." In some instances, 
a facility was listed only on the basis of ownership of one piece of 
equipment. Since a sample questionnaire was unavailable, it was not 
possible to discern the various interpretations of the term "facility." 

An effort was mai^e to find detailed information regarding the number 
of personnel employed in a hospital by occupation. The Guide reported a 
figure for the total number of personnel working in each hospital, but 
gave no breakdown for each occupational category. The WICHE studies for 
Idaho, Montana, and Wyoming did report the number of personnel in the 
different categories such as pharmacist, dietician, medical technologist, 
etc.; but there was a definitional problem regarding the status of a 
Consultant versus a part-time employee. Since the data were not available 



for the other states, the WICHE studies could, not be used as a source. 

The category of part-time employees presented several problems • 
In some sources, such as the BHI, full-time equivalents (FTE) were used, 
while the ;^ICHE studies listed total manpower. Any check for accuracy* 
waa difficult. Since the figures from the BHI print-out did not coincide 
with the total figures listed by the Guide , the assumption was that the 
Guide reported total manpower, not FTE. 

The definition of the different occupations presented fv\rther 
problems. For example, one source stated that there were only eight 
active, certified dieticians in Wyoming; yet, according to the Wyoming hospi- 
tals in the WICHE report, 20 dieticians were working in Wyoming. In most 
instances,, nurses, home economists, or consultants were performing some 
of the functions of a dietician. If hospitals overstate their health 
personnel, an accurate count is difficult to obtain. Becavxse problems 
existed in obtaining information on health personnel in hoepitals, the 
use of the total personnel figures listed in the Guide emerged as the only 
means to achieve comparable figures for every hospital. 

Finding information about nursing homes presented problems. Many 
nursing homes were reluctant to disclose any information. A listing 
of Medicare approved nursing homes was obtained from the BHI, but ottly 
a small percentage of nutsitig homes was included. In addition, a defini- 
tional problem existed concerning nursing homes. Defined differently in 
each state, nursing homes were categorized as extended care facilities; 
intemediate care facilities; supervised care facilities; Intermediate 
Care I and II; skilled, long- term units; and intensive care units. No 
information was available concerning the number of personnel and type 
of facilities offered. In only two states was information available 
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concerning anything other than location of the home and the number of 
.beds. Due to unavailability of information on nursing homes, the 
following sources were used to obtain the location of nursing homes and 
the number of beds in each home: 



Colorado - Directory of Colorado Health Facilities - Colorado 
Department of Health - May, 1972; 

Idaho - Licensed Nutsing Homes - Mimeographed sheets, Idaho 
Department of Health, October, 1972; 

JJontana - Pamphlet from Division of Hospital and Medical 
Facilities, Montana State Department of Health and 
Environmental Sciences, September, 1972; 

Nebraska - A Selected Inventory of Services Offered by Nursing 
Homes in Nebraska - Nebraska Medicare-Medicaid Project 
Team, March, 1972; 

South Dakota - Health Facilities and Services in South Dakota - 
Comprehensive Health Planning, State Department of Health, 
November » 1972; 

Utah - Information from Bureau of Statistical Services, April, 
1972 letter; and, 

Wyoming - Wyoming Health Profile , Mountain States Regional 
Medical. Program, WICHE, May, 1972. 

The information on the independent laboratories was obtained from 
the BHI printout. Though the figures represented only those laboratories 
which were Medicare/Hedicaid approved, these data were the only information 
that could be obtained for independent laboratories. 

B. HEALTH CHARACTERISTICS OF AREA 



The most noticeable characteristic of the study region is the 
concentration of health manpower in the few urban communities. The rural 
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areas have few physicians and» In some Instances^ at least 100 miles 
separate the physicians. Considering the mountainous terrain and the 
vast distances between physicians, some rural residents are hours away 
from professional medical care. 

Many nurses are located In the study area, Including some located 
In communities with populations between 200-500 people. Though these 
nurses can render first-aid treatment, they are hindered in the use of 
their full potential, since the law does not permit a nurse to practice 
without the supervision of a physician. 

Hospitals with emergency rooms are widely scattered in the rural 

area. No statewide ambulatory system exists in the study area. Funeral 

16 

homes and volunteer rescue squads provide most ambulatory services. 

C. THE KEALTH-CARE HIERARCHY 

The health-care delivery system was identified by using 24 
health-care variables in conjunction with the Ward Algorithm. The 
heuristic programming algorithm was used to group communities for a 
health-care index (computed in a manner identical to the centrality index 
explained in Chapter III) such that the error sum of squares was minimized 
for within group differences for seven groups in a hierarchical system. 
Thus, the communities that fell into the same group were more similar to 
each other than to the communities in adjacent groups for the 24 health- 
care variables. The list of communities by health-care group is included as 
Appendix D. The groups are described below. 



Division of Health and Medical Services, Department of Health and 
Social Services, State of Wyoming ^ Emergency Medical Services (March, 
1972), p. 12. 
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1. Regional Health-Care Centers 

A regional health-care center has the following character- 
istics: (a) it has all of the health manpower and health facilities 
found in lesser centers; (b) It is the focal point for health-care and 
dominates the next largest centers in both the range and magnitude of 
health-care services; and (c) it is a major metropolitan center playing 
a major role in shaping ^^pproaches to health-care in the region. 

2. Sub-Regional Health-Care Centers 

A sub-regional health-care center has the following character- 
istics: (a) it possesses all of the health manpower and health facilities 
found in lesser centers; (b) it is a focal point for health-care (although 
it is dominated by a regional health center, the ratio of their health- 
care indices being more than 2:1) and dominates the smaller centers in both 
range and magnitude of health-care services; and (c) it has a major role 
in shaping approaches to health-care in the region. 

3. Primary Health-Care Centers 

A primary health-care center has the following characteristics: 
(a) it has all of the health manpower and health facilities found in 
lesser centers; (b) few higher-order health manpower or health facilities 
are available; and (c) it has some influence in shaping approaches to 
health-care in the region from which patient referrals are made, 

4. Secondary Health-Care Centers 

A secondary health-care center has the following characteristics: 
(a) it has all of the health manpower and health facilities found in 
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lessef centers; (b) few higher-order health manpower and health facilities 
are available; and (c) it has little or no influence in shaping approaches 
to health-care in its immediate service area. 

5. Health-Care Convenience Centers 

A health-care' convenience center provides access to a limited 
range of fcealth-care services, but does have all of the health manpower 
and health facilities found In lesser health-care centers* j 

6. Minimum Health-Care Centers / 

A minimum health-care center has few health-care services % The 
services are usually limited to those provided by physicians, dentists, 
'and veterinarians. Small hospitals may be located in these center?. 

7o Subminimum Health-Care Centers 

A subminimum health-care center has no health-care setvlces. 

/ 
/ 

i 

The seven levels of health-care services defined above are not 
independent of each qther. Individual entry into the health system may 
occur for a variety of reasons, the most common of which is self-referral 
to some entry point in the health system. Upon entry at some level, further 
referrals to different levels may occur in the hierarchical health system. 
Further, those communiti.es with the highest order of health-care services 
have the greatest penetration into the hinterland. If, for example. 
Community H has the only open heart facility in some region, then referrals 
within the region will either be to Community H or to some other Community Q 
outside the reglot^,. Cottmiunity Q is part of another health-care delivery 
system and provides health-care services of the same order or higher than 
those of Community H. 
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As was the case with the economic system, a map was prepared of the 
health-care service areas In the rural region under study (see Figure V-1) . 
The map of the economic region has been included as Figure V-?. to 
provide an opportunity to compare the service areas for (a) the economic 
systeia, knd (b) the health-care delivery system, • Some observations on this 
comparison follow. First, there are fewer Health Sejrvice Areas than Economic 
Service Areas. This is due to the smaller number of centers in the top 
five groups of health-care delivery system as compared to the economic 
system. Second, the sizes of some of the areas are different. Most 
notable is the decrease in the size of the Health-Care Service Area for 
Casper as compared to the size of its Economic Service Area. The reason 
for this size difference is that Casper's ranking in the health hierarchy 
falls into Group 5, which is lower than the ranking for the economic system. 
Casper offers an order of health services which does not rank as high as 
the order of economic services offered. Consequently, the area's demand for 
Casper's health services does not extend as far. Similar arguments apply 
to other deviations between the health and economic* service areas in the 
region. 

Operationally, generalizations could be developed that would permit 
the identification of "inter-group marginal health-care activities" 
(DIIICA's) that would allow the differentiation of health-care services 
between groups. For this task, since the health-care system is considered 
a subset of the economic systeBi, the propositions and criteria used for 
the economic system should be transferable to the health-care delivery 
system. This is probably true with one important exception. In the 
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FIGURE V-t 

MAP OF THE STUDY REGION ILLUSTRATING THE ESTIMATED HEALTH SERVICE AREAS 
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FIGURE 

MAP OF THE STUDY REGION ILLUSTRATING THE ESTIMATED ECONOMIC SERVICE AREAS 
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economic system, If the average nioober of businesses in some group Is 
less than two for some retail economic activity i» then the activity is 
assumed to be absent due to the lack of competition for that activity 
Since the health system Is regulated in various ways, competition in the 
health-care delivery system differs ccusiderably from the economic 
system. Thus, the operational rule quoted in Chapter IV is not applicable. 
Rather, the operational rule adopted for the health-care delivery system 
is that the health-care activity or health-care personnel were considered 
to be absent if the average number was less than one. 

D. ANALYSIS OF INTER-GROUP MARGINAL 
HEALTH-CARE DIFFERENCES 

In this section, there is a development of a theoretical framework 
paralleling the inter-group theoretical framework of the economic 
system (Chapter IV). The proposal is that inferences can be made that 
permit inter-group differentiation on the basis of the presence or 
absence of health-care activities. 

The basis of the differentiation was the expectation that communities 
have different orderings of health-care services. Some have extensive 
and highly specialized facilities and manpower, while other communities 
will have less extensive and less specialized facilities and manpower. 
Drawing upon central place theory, two assumptions arfj relevant. First, 
communities can be ordered. Second, some health-care activities are of 
a higher-order than others; and fot any inter-group movement there exist 
"hierarchical marginal health-care activities." 
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in Chapter IV an explanation accoiapanled the propositions used to 
identify the "hierarchical marginal goods and services/' In this chapter, 
the following propositions parallel those in Chapter IV; and therefore, no 
accompanying explanation is included in view of the earlier discussion. 

1. The Ordering of Health-Care Activities 

Any set of health-care activities can be arranged from the highest- 
order of health-care activity to the lowest-order of health-eare 
activity. 

2. Inter-Group Marginal Health-Care Activities 

Given a hierarchical health-care system, the entire set of health- 
care activities is found in central places belonging to the 
highest-order group. For movement down the hierarchical system from 
group to group, the order and magnitude of health-cai'e activities 
performed become less for each group. 

3. Magnitude of Inter-Group Health-Care Activities 

If the members of any two groups in a hierarchical health system 
perform the same order activities, then the magnitude of the activities 
performed by the members of the higher-order group will be greater 
than the magnitude of the activities performed by the lower-order 
group. 

4. Necessary and Sufficient Conditions for Inter-Group Movement 
For any inter-group movement, the set of health-care activities 
necessarily changes (i.e., that inter-group marginal health-care 
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differences exist for the two groups) » arid the magnitude of 
hcalth-care activities changes suffleiantly <l.e*» Increases or 
decreases In the number of health tumpover and the extent of 
health-care facilities). 

In addition to the propositions stated above, two operational criteria 
were adopted. 

Criterion 1 

If the average number of the individual health variables of some 
cell 1 (vector) for some group j is less than unity, then it is 
assuiaed the variable is absent in the cell and a value of zero 
is subctituted for that variable. 

Criterion 2 

If ^ for some activity set of group j, more than half of the 
variables in the set are absent, then the activity set is 
assumed to be absent. 

Table V-1 lists the 24 variables used to identify the healths-care 
system. The variables are divided into six different activity sets. 
Activity set six Includes a single variable, occupancy rate, computed 
for those communities that have a hospital. In this sense, activity 
set is not a pure average across all cootaunities in Group 7, but an 
average for those communities that have a hospital (sixteen hospitals 
in 440 communities) • 

Table V-1 can be represented by Table V-2 after the application of 
Criterion 1: a zero is substituted for each variable in Table V-1 for 
which the average of that Vttrlable Is lets thtca unity. Table V-3 Is 
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TABL5 V-2 

AVERAGE NUMBER OF HgALTH HANPOWER OR HEALTH FACILITIES BY SETS 
OF HEALTH ACTIVITIES AND SEVEK GROUPS, CORRECTED FOR CRITERION 1 
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derived from Table V-2 by the application of Criterion 2. That is, 
a zero is substituted for activity sets H^^ through H^, when the number 
of zeros in an activity set for any group is less than 50%. 

Given Table V-3, it is possible to identify the inter-group marginal 
health-care ictivities for the rural groups in the health-care system 
(i.e., Groups 4 through 7). 

From Table V-3 the inference is that activity set is the 
intermarginal activity set between Groups 6 and 7. The set includes 
the following: 

a. number of hospital beds; 

b. number of active L.P.N. 'a; 

c. number of pharmacists; 

d. number of osteopaths and medical doctors; 

e. number cf dentists; and 

f. number of veterinarians. 

From Table V-3> it is inferred that activity seta H2 and are the 
inter-group marginal activity sets that permit a distinction between 
Groups 5 and 6. The set H2 includes the following: 

a. number of optometrists; 

b. number of physical therapists; 

c. number of inhalation therapy facilities; 

d. number of full-time pharmacists in hospitals; and 

e. number of rehabilitation departments in hospitals. ^ 
The set includes the following: 

a. number of nursing homes; 

b. number of hospitals; 
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TABLE V-3 

INTERGROUP NuSJlGINAL HEALTH-CARE ACTIVITIES 
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c, number of emergency departments in hospitals; and 

d. number of dental hygienists. 

From Table V-3 the inference is that activity set H^^ is the inter-group 
marginal activity set that permits a distinction between Groups 4 and 5. 
The set H^^ includes the following: 

a. number of radiology departments in hospitals; 

b. number of heart surgery facilities and histopathology laboratories; 

c. number of X-ray therapy departments in hospitals; 

d. ' number of renal dialysis facilities in hospitals; and 

e. number of podiatrists. 

E. CONCLUSION 

This chapter has shown that the methodology applied to the economic 
system in earlier chapters of the study is equally applicable to the 
health-care delivery system. A seven-group hierarchy has been formed 
and described; and sets of marginal activities identified — the results of 
which are e5'.sentially equivalent to those of the economic system of 
Chapter IV. Consequently, the strengths and weaknesses noted with respect 
to identification of the economic system also apply to the identification ^ 
of the health system in this chapter • 

Another conclusion made in addition to the methodological, is the 
difficulty in obtaining accurate and reliable health data. This aspect 
of the study has been exasperating and has emphasized the significance 
of using economic data, which are more readily available, in place of 
health data for health planning purposes* 
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CHAPTER VI 

COMPARISON OF THE ECONOMIC SYSTEM 
WITH THE HEALTH-CARE DELIVERY SYSTEM 

In previous chapters, there has been a development of an empirical 
methodology and the application of that methodology to the formation of 
economic and health-care hierarchical systems. A most Important step 
In the analysis was the comparison of the economic system with the health- 
care delivery system. Only If there Is a close relationship can the 
economic system and economic data be used as surrogates for the health- 
care delivery system and health data. It Is the purpose of this chapter 
to consider the relationship of the two systems. 

In Section A of the chapter there Is a comparison of the economic and 
health-care hierarchies. Section B is a description of the rationale and 
methods employed in statistical comparison of the systems. Section C is 
the statistical comparison, 

A. GENERAL COMPARISON 

Since the economic hierarchy was formed by first using 74 variables 
and again by using 17 variables, a brief comparison has been made between 
these two results and the health hierarchy. 

As a generalization, the 74-variable system and the 17-vatiable system 
are much alike. The number of communities in each of the hierarchical 
groups i« identical through the first five groups and differs by five 
communities in groups six and seven,. Moreover, for the top five groups 
there are only two communities for which the grouping differs, and these 
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are at the bottom of Differences in the ranking of places do not 

occur until G, . 

In comparing the health hierarchy with the 74-variable econcnnic 
system (see Appendices C and 0), the major generalization is that the 
first four groups in the economic hierarchy have more communities than 
the health hierarchy. The economic hierarchy contains the following 
numbers of communities in each of the top five gsroups: 1, 1, 3, 8, 21. 
The corresponding numbers for the health hierarchy are 1, 1, 2, 7, 14. 
Consequently, there is a tendency for places to drop in the health grouping 
as compared to the economic grouping. For example, Billings slips from 
to G^, Idaho Falls from G^ to G^, and Cody from to Gg. Except for 
inter-group movements, the two hierarchies appear to be much alike. 

There is no apparent reason for the tendency of places to drop in 
the health grouping. However, there are a couple of possibilities for the 
trend. First, it is possible that the health system is not as well 
developed as the economic system for the communities with a population base 
below 100,000. 

Secondly, the health-care delivery system may be subject to considerable 
agglomeration. If such is the case, efforts to decentralize the health- 
care delivery system may fail unless a clearer understanding is obtained 
of the trend for agglomeration to occur. For example, the movement of 
Casper to a lower health grouping may be a reflection of the fact that a 
viable health-care delivery system may require a much larger base of 
population and economic activity before agglomeration will occur. Again, 
this is an untested hypothesis that would require empirical testing. 



ERLC 



98 



B, METHOD OF STATISTICAL COMPARISON 

The health-care delivery system is a subset of the economic system 
and can be hierarchically ordered in a way similar to the economic system. 
A hypothesis arises, namely, that there should be gitatistical correspondence 
between the empirically derived health and economic hierarchies. Further, 
it should be possible to show statistical significance in the functional 
relationship between the health and economic systems. 

To test the similarity of the two systems, utatistical measurements 
for the systems were derived. The methodology emp Ployed in delineating the 
hierarchies in this study was developed through use of an economic 
centrality index, , and an index of health services, HC^, for each of the 
538 places in the study region. This process yielded two lists containing 
all places: one ranked places by an economic centrality index and the 
other ranked them by the health service index. These two rankings 
were tested for similarity by use of non-parametric techniques — the 
Spearman rank-correlation coefficient and the Kendall rank-correlation 
coefficient. (The non-parametric tests were used since the assumption 
of a normal population distribution is not required.) 

Because of the assumption that the health-care delivery system is a 
function of the economic system, parametric tests were performed. The 
parameters for a linear regression of the following form were estimated 
and submitted to standard parametric tests: 

HCj = a + bCj 

where 

a,b = parameters. 
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C. RESULTS OF THE STATISTICAL TESTS 
Both the non-parametric and parametric statistical tests confirmed 
the hypothesis that the health hierarchy and the economic hierarchy are 
similar. The 74-variable economic hierarchy was first compared with" the 
health hierarchy; then, the 17-variable economic hierarchy and the health 
hierarchy were compared. 

The non-parametric tests comparing the 74-variable economic hierarchy 
and the 24-variable health hierarchy tested the hypothesis: 
JiC(24)^ f C(74)^. 

For both the Spearman rank-correlation and the Kendall rank-correlation 
coefficient, there was a probability of 0.999 that the hypothesis was 
incorrect. That is, by the use of the tests, the hypothesis of the 
inequality of the 74-variable economic hierarchy and the health hierarchy 
was rejected. 

The regression model for these two hierarchies yielded the following 
results : 

HC(24). - 0.03596 + 2.17616 C(74) = 0.97 

^ (0.001687) ^ F = 16646.4 

The number in parentheses (0.001687) is the standard error. The standard 

error is a measure of the scatter of the lines about the regression line. 

As the value of the standard error approaches the value of the slope (i.e., 

2.17616), the slope coefficient becomes less reliable as a predictor. In 

this case, the standard error was quite small with respect to the slope 

coefficient, hence the coefficient was a dependable predictor. 

2 

The coefficient of multiple determination, R , is a statistic 
measuring the variance in HC(24)j that is explained by C(74)j. In the 
above regression model, 97% of the variance in the health-care delivery 

ERJC 100 



system is Explained by the economic system. Finally;, the F-statistic is 
^ statistical test used to determine whether the slope coefficient is 
significantly different from zero. For all values of F greater than 
6.63 (i.e., the 1% confidence level), the slope coefficient is non-zero. 
In the above regression the observed F-value of 16646.4 is considerably 
greater than 6.63. 

2 

In view of the small standard error of estimate, the large R , and 
the large observed F-value, the following conclusion was reached: the 
hypothesis that the economic and health systems are the same has been 
statistically accepted at the 1% level of significance for the 74-variable 
economic system and the 24- variable health-care system in the intermountain 
study region* 

An identical set of tests was performed comparing the 17-variable 

economic system and the 24-va£'iable health system. The non-parametric 

test results were almost identical to those for the above comparisons: 

the probability was 0.999 that the systems were related. The results of 

the regression model were as follows: 

HC(24) . « 0.00526 + 0.56541 C(17) - 0.97 

^ . (0.00526) ^ F « 17519.2 

For this regression the observations are that: (1) the standard error 

2 

is quite small compared to the slope coefficient, (2) the R indicates 
that 97% of the variance in the health system was explained by the 17- 
variable economic system, and (3) the observed F-value is considerably 
greater than the theoretical F-value of 6.63. 

D. CONCLUSION 

The statistical tests discussed in this chapter suggest that both the 
74-variable and the 17-variable economic systems are closely related to the 
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24-variable health-care delivery system. Moreover, since the comparisons 
showed that the 17*-variable system is equally similar to the haalth 
system as the 74-variable econofmlc system, there is strong evidence for 
the 'intermountain study region that would justify the use of the 17-variable 
economic system as a surrogate for health planning. 

The generalized discussion comparing the groups in the health hierarchy 
with the groups in the economic hierarchy leads to the conclusion that the 
statistical tests may have masked some fundamental differences between the 
two systems. The health service indexes decrease more rapidly for ranked 
places than do the economic centrality indexes, and the progression of 
central places In the middle groups of the hierarchy is much lower for 
the health system. This comparison may reflect a lag in the development of 
the health system as compared to the development of the economic system. 
That is, the development; of the economic system is a necessary condition 
for the development of the health system. Thus, the development of the 
health system will lag behind and be dependent upon the economic system. 

The authors would argue that the discussion in this chapter indicates 
there are some reservations about the relationship of the economic system 
to the health system.. Nevertheless, the statistical results have demonstrated 
a close relationship between these systems in the intermountain region. 
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CHAPTER VII 
HEALTH MANPOWER EDUCATION 

Thus far, two hierarchies have been developed, one having been derived 
from the economic syst^ and the other from the health delivery system. 
These two hierarchies are reflective of the interdependence of rural 
connnunities and larger cities for economic and health purposes. The 
objective of this chapter is to relate the concept of hierarchical demand 
structures to the location of existing health manpower education programs. 

In the first section, the scope of the analysis is defined and the 
data sources are identified. The second section is an attempt to deter- 
mine the applicability of hierarchical demand structures to educational 
and health planning. The discussion concerns the problem of locating a 
health manpower program such that there is sufficient utilization of the 
program (demand), and/or such that the program has a specified impact 
on the health delivery system. The third section is an identification of 
the criteria existing in the study region for the initiation and location 
of health manpower education programs. Included in the following section 
is a general evaluation of the criteria. The last section is a summary of 
Chapter VII and conclusions reached. 

A. DATA SOURCES 

The scarcity of data limited the analysis of the health manpower 
education system in the region. This was especially apparent in the case 
of informal education. Estimations are that over 50% of the education 
in the health field is on-the-job training. However, secondary data about 
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on-the'-job training are nonexistent. The scope and objective of this 
study did not warrant the time and financial resources to develop the 
necessary data on which to base an analysis of on-the-job training. Through 
conversations with individuals in the health and education fields, it^vas 
revealed that data were unavailable, and that on-the-job training was not 
identified as an educational program. Lack of data necessitated narrowing 
the scope of the analysis to formal health manpower education. 

Data on formal allied health education were partially obtained from 
the Bureau of Health Manpower Education publications, Allied Health 
Education Programs in Junior Colleges/1970 and Allied Health Education 
Programs in Senior Colleges/1971 . 

Nursing programs located in hospitals or senior colleges were not 
included in the BHME publications. In order to obtain a more comprehensive 
listing of nursing programs, the state nursing boards in the region were 
contacted and asked to identify all approved nursing programs in their 
states. Institutions having approved nursing programs, but not included 
in the publications, were then contacted to eliminate the missing informa- 
tion. (See Appendix E for a tabulation of programs and selected data.) 

Also omitted from these two data sources were programs for physicians, 
dentists, and pharmacists. There are no schools of dentistry in the study 
region. College catalogues were consulted to obtain some data for 
pharmacy programs. Pharmacy schools were then contacted' to complete the 
set of information J Data for the region's two medical schools were 
obtained from The Journal of the American Medical Association. 
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F.'^ucational institutions in ths region we-tB asked to provide 
iTjtortnat;<on regarding the geographic location of graduates for the past 
^ dece.de ox ai^nce origin, whichever was the shorter period* Most responses 
'*?er^^ otigative, no information. Of the positive responses, the major^-ty 
provided only a rough estimate of the percentage of graduates reicaining 
In the city or geographic area where educated o In only a very few cases 
were data provided as to how each graduating class was distributed with 
respect to cities. 

• h. THE DEMA^JD FOR EDUCATION AND SUPPLY OF HEALTH MANPOWER 
Ths objective of health manpower education programs is either to 
increase or to maintain an adequate supply of health manpower within a 
region. In order to achieve this objective two points are considered. 
First, a program must be located such that there is a demand for ito 
That is, there must be a sufficient number of students enrolled in the 
program. Secondly, there must be a dispersion of program graduates such 
that a percentage remains in the region, and thereby, has a positive or 
neutral impact on the health delivery systemo 

L* Demand f or Edu c ation 

The demand for a particular educational program is a demand for an 
iiivestment good. The decision to invest in human capital will, like other 
investment decisions, depend on the rate of return or profitability (see 
Becker, 1964). The rate of return is determined by an individual's 
evaluation of the discounted expected income flow resulting from his 
di^cisiou to 5.nvest in education, and by his estimation of the cost of 
obtaining that education. A discounting factor for uncertainty and risk 
may enter the decision. Psychic and social factors also influence decisions. 
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With i few tnodif ications, a point on a demand curve for an educa- 
tional program in an institution can be tistimated as the summation of 
all the Individual decisions to enroll in that program at a specified 
price. If an enrollment ceiling exists fixing the quantity provided at 
a given price at a level below what would be demanded at that price, then 
enrollment does not reflect the demand at th/^t price. A more accurate 
estimate of demand could be obtained by relating the number of applicants, 
enrollment figures, and the institution's estimation of enrollment capacity 
at a point in time. 

The derivation of a demand curve for an educational program is a 
difficult task. A demand curve is a schedule of the quantity of a good 
that will be purchased at various price levels. Through the buying process, 
consumer preferences are revealed. Since public education is a public good 
highly subsidized by the government, market interference by the government 
does not permit revelation of consumer preferences. 

The education costs to students include both direct and indirect 
costs. Students pay only a small portion of the direct costs of their 
education. This could be one explanation for the bias in the American 
society for formal education. Students involved in on-the-job training 
pay part of the direct cost of their education by acceptance of a lower, 
trainee wage, while also paying a portion of the costs of formal education 
by contributing— tx> the tax structure. In contrast, students enrolled In 
formal education programs pay a portion of the direct cost of their educa- 
tion and during the interim, contribute less to the tax structure. Further, 
formal education participants have access to such additional benefits as 
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schblar ships, veteran's benefits, and student loans not available to 
on-the-job trainees. 

In formal education, each college quotes a flxad amount of tuition 
for resident students, whether enrollment la in a curriculum requiting 
expensive laboratory facilities, or in a less Costly curriculum. There- 
fore, that tuition may not reflect the total or relative cost of producing 
that good. The price of one program is not allowed to vary according to 
changes in the market situation. Instead, the price of all programs in an 
institution changes by the same amount over time. 

Political boundaries place a greater restriction on the demand for 
education than on the demand for other goods and services. Attendance at 
a public institution of higher education in a state other than the state 
of residence results in higher tuition costs to the student. For example, 
residents of Wyoming encounter few restraints when trading in Colorado. 
However, If a Wyoming resident chooses to attend a public college in Colo- 
rado, he must pay the more costly out-of-state tuition. 

2> Demand for Education - Inferences from Hierarchical Demand Structures 

Recalling central place theory, there are higher-order and lower- 
order central places. The higher-order centers offer all of the services 
offered by lower-order centers plus seme additional* more specialized services. 
These more specialized services are referred to as higher-order goods, while 
the more general services found in almost every city are termed lower-order 
goods and services. 

When the education system is analysed in terms of hierarchical demand 
structures, it must be determined which educational programs are of higher- 
order requiring a large market area, and which programs are of lower-order 



serving a .small market area. An educational hierarchy was not developed 
to ascertain this. Not only vera the data Inappropriate and too incon- 
sistent to establish an educational hlerarchyi but auch a hierarchy 
would not be meaningful or operational. An educational hierarchy would 
reflect the present degree of education concentration In communities, 
and therefore does not assist In making locatlonal decisions for health 
education. Inferences are made by comparing existing programs and their 
characteristics with the indices of the community In the economic end 
healtk hierarchies. 

Table VII-I lists cities according to the magnitude of their economic 
index. Horizontally, "x" Is inserted if the city has one or more of a 
specified program. Highest-order programs will exist in cities high in 
the ranking order, while lower-order programs will exist both in cities 
with high indices and in some communities with low indices. It follows 
that cities in upper groups will have more programs than those in a lower 
group. There is some threshold, as measured by the indices, below which 
the location of certain health education programs is not feasible. 

If the cities are denoted 1 and the programs J, then the total number 
of citi'^s having program type j is | E^j , where E^^^ is program j in commun- 
ity i. Th** number of different types of programs in city 1 is I E^y It 

is expected that when [C^ > Cjl then ^Ij^f ^Ij^ ^^^^ ^^l^^i^ ^^^^ 
[I E. /ZE 7.]. If enrollment is taken as a proxy for size, then it is 
expected that when tC^>C'£l then [N^j> N^^ ], where N^^ is the number of stu- 
dents enrolled in program J in city 1. 

Statistical tests were not run, but the data from Appendix F do imply 
that when f^^^jj then [I ^ij^j ^^^^^ laads to a possible relationship 

[Z E, - f(C.)]. A similar inferenoe can ba drawn from E.. - f(HI.)], 

i ij 1 • J ij 1 
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roMMirNITfKS IIAVINC MNK OK MOKH liKAl TU 'MANl'ftWKU l-mrnAThlN I'KCM.KAMS 



DENVER 
SAI.T1.AKE C 
BIUMNCS 

PBOVO 

CASPER 

BOin.t)F.R 

RAPin CifY 

IDAHOFALLS 

POCATELLO 

FT COLLINS 

CREEL^Y 

CHEYENNE 

LONCMOMT 

SCOTTSBULF 

BO;!EMAN 

LOGAN 

1.0VEUND 

LARAHIE 

SHERIDAN 

STERLING 

ROCK SPGS 

CI.ENWOODSP 



C 999999 
U 557635 
W 61581 
t; 116945 
U 119451 
W 39400 
69279 
43836 
35776 
40036 
43337 
40129 
40000 
23209 
14507 
18670 
22333 
16220 
24700 
10800 
10636 
12100 
4106 



AiLlANCE 
FT MORGAN 
VERNAL 
BIACKFOOT 
RIVEKTON 
ESTES PARK C 
LIVINGSTON M 
RAWLINS U 
SIDNEY 
CODY 
UORLAND 
REXBURG 
BELLEFCHE 
EVANSTON 
POWELL 
DEADWOOD 
CRAIG 
CHADRON 
TORRINGTON W 
LANDER W 
GILLETTE W 
STURGIS S 
JACKSON W 
BRUSH C 



6862 
7594 
3908 
8716 
7995 
1616 
6883 
7855 
6403 
5161 
5055 
8272 
4236 
4462 
4807 
2409 
4205 
5921 
4237 
7125 
7194 
4536 
3196 
3377 



5.00124 
2.62146 
. 58A6H 
.57777 
.51670 
. 38948 
.38691 
.34894 
.3119^; 
.29437 
.2R988 
.27060 
.26298 
.18337 
.17120 
.16624 
.14410 
.12659 
.12409 
.11345 
.09815 
.09542 
.08734 

.082fi7 
. 08064 
.07614 
.07489 
.07464 
.07067 
.06790 
.06767 
.06563 
.06557 
.06283 
.05740 
.0563J 
.05334 
.05254 
.05208 
.05160 
.05100 
.04911 
.04806 
.04763 
.04706 
.04656 
.04418 



Ho.Utli 
Ir.dox 

9.19779 
3.13791 
.57462 
.71329 
.83878 
.31268 
.58074 
.56438 
.35620 
.5228(1' 
.47981 
.42652 
.55235 
.25059 
.31606 
.23605 
.19428 
.18158 
.17472 
22785 
.22727 
.13081 
.07277 

.01784 

.07445 

.01814 

.18774 

.06486 

.02331 

.07497 

.09185 

.15461 

.09115 

.08652 

.05477 

.07819 

.12269 

.05182 

.06822 

.05885 

.06143 

.07786 

.08381 . 

.07065 

.19311 

.04074 

.05729 
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KIKBLE 


N 


1680 


.04347 


.03639 


PRESTON 


[ 


3310 


.04182 


.02266 


GREENRIVER 


W 


4196 


.04118 


.00465 


GERI^^G 


N 


5639 


.04093 


.03579 


MONTPELIER 


I 


2604 


.04054 


.00911 


GORDAN 


N 


2106 


.03824 


.04775 


HOT SPRINGSS 


4434 


.03712 


.15712 


ROOSEVELT 


U 


2005 


.03618 


.03837 


SPEARFtSH 


s 


4661 


.03604 


.06415 


RANCELY 


c 


1591 


.01003 


.02690 



- X X 
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where HI^ is the health index in community i, However, statif/tical 
problems are present since Z E^^ = f(HI^), and [Hl^ = f(E^j)]. 

• In order to determine If there are hipber-ordcr and lower-virder health 
education prograi?s^ Table VII-2 was developed to identify the rank of the 
economic index for cities offering each type of program. According to 
central place theory, higher-order places have all the services offered 
in lower--order cities pins more specialized services. If the magnitude of 
the economic index is taken as a measure of order, then there should be some 
order of programs. Specialized programs exist in the higher-order cities, 
while more general programs are found in both the higher-order and the 
lower-order cities^. Using Appendix E and Table VII-1 there does appear to 
be some sort of pattern or order. The range of the economic index for 
cities having certain programs is greater than the range for cities having 
other programs. For example, for medical technologists the range is 
5.00I2A to .03604, for medical schools it is 5.0012A to 2.62146. The 
wider th^ range, the more general is the progra^i. Where a program is 
located in only one city, the order of the program might be indicated by 
the economic index of that city. 

Reasons exist why more specialized programs are located in cities 
with high economic indices. First, specialized programs must have a 
larger market area, as is indicated by the magnitude of the indices. 
Secondly, higher indices reflect a more extensive health complex (i.e., 
greater demand) and economic base to support such education. 

To analyze the demand for an education program, it is necessary to 
identify rot only its existence in ^ community, but also some m.easure of the 
quantity purchased. Enrollment figures for programs have been used to 
approximate demand. For a given typo of program j, the expectation is that 
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TABLE VII- 2 

RANGE OF ECONOMIC INDEX AND HEALTH INDEX FOR COMMUNITIES 
HAVING HEALTH MANPOWER EDUCATION PROGRAMS 





Program 

" 


Econ Index Range 


Health Index Range 


Bio Med Eng 




. 12409 




.17472 


Bio Med Eng Techni 


5,00124 




9.39779 




Child Hlth Assoc 


5*00124 




9.39779 




Dental Assistant 


5*00124- 


.01003 


9.39779- 


.02690 


Dental Kygienist 


.29437- 


.01003 


.52280- 


.02690 


Deatal Lab Techni 




.11345 






Diet/Nutri 


2.62146-- 


.12409 


3.13791- 


.17472 


Enviro Hlth Spec 


.28988- 


.14410 


.47981- 


.19428 


Health Educator 


.51670- 


.14410 


.83878- 


.19428 


. Hlth Adm Asst 




.26298 




.55235 


Hlth Serv Asst 


5.00124 




9.39779 




Inhal Therapist 


5.00124 




9.39779 




l*ib Asst 


5.00124- 


.26298 


9. 39779- 


.55235 


Licensed Practical Nurse 


5.00124- 


.82787 


9.39779- 


.10784 


Med Off Asst 


5.00124 




9.39779 




Medical Techno 


5.00124- 


.03604 


9.39779- 


.06415 


Nuclear Med Terhni 


5.00124 




9.39779 




Occup Therapist 




.28988 




.47981 


Pharmacy 


5.00124- 


.12409 


9.39779- 


.17472 


Physical Therapist 


5.00124- 


.05100 


9.39779- 


.(P6143 


Physician 


5.00124- 


2.62146 


9.39779- 


3. 13791 


Radio Hlth Spec 




.28988 




.47981 


Radio Hlth Techni 




.29437 




.52280 


Radio Techni 


5.00124- 


. 26298 


9. 39779- 


. 55235 


Radio Ther Techni 


5.00124 




9.39779 




Recreation Therapist 




.51670 




.83878 


Registered Nurse 


5.00124- 


.05740 


9.39779- 


.05477 


Rehab Consu 




.58468 




.57462 


Speech Path/Audio 


5.00124- 


.12409 


9.39779- 


.17472 


Surg Techni 


5.00124- 


.26298 


9.39779- 


.55235 
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the enrollment in propvam j In conmunity greater as the level 

of economic activity in community i is greater. That iti, when t^^^C^] then 
[N^^>N-/]. This comparison can be nadr? only in the context of one degree 
level. Enrollment figures for advanced degree programs were differentiated 
from those of lower degrees. Enrollment figures for each degree of each 
program were ordered according to the economic hierarchy. Inadequate 
observations within each training category have prohibited me^.nihgful 
inferences. However, for a given program offering a particular degree, a 
tendency exists for t^'*^^^ j ^'^jj ^ when [C^ >C-] and there may be a positive 
relationship [N,^ = f (C . ) ] . 

There appears to be a positive relationship [N^^ - vhere O^j 

is the date of first enrollment in prc^ram j in ccnrunity i. Due to the 
process of economic development, educational programs in cities with a high 
level of economic activity were established before programs in the less 
develuped communities, implying that [O^j « ^(^j))' Another reason for the 
relationship l^^j ' ^^^ij^^ ^^^^ general policy of starting with a smaller 
program and expanding according to the success of the program. 

In moving from cities in Groups 1 and 2 to cities in lower-order 
groups, a sir^ailer percentage of the variation 1r. v^^^. is explained by 
C^. As decreases in value, it is probable that the number of health 
education programs is more a function of the existence and size of educa- 
tional institutions, rather than of the level of economic activity. By 
locating several health manpower education programs at one institution, 
agglor.erat ion economies occur. Economies of scale r.ay develop with /cspect 
to each program. That is, as output increases, the unit cost of production 
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decreases > Due to agglomeration econonies and economies of scale, 
health manpower education programs cluster at existing institutions. 

Since the decisions to establish health education programs are usually . 
made singly, once an educational institution is established, programs 
tend to locate at that institution. Therefore, the expectation should 
not be that individual health manpower education programs have been 
optimally located in the past. 

In summary, the number of educational programs In a community is a 
functdon not only of the level of economic activity, but also of the 
existence of junior and senior colleges. Due to governmental Interference, 
the educational market does not respond to the same stimuli as private 
enterprise. Private enterprise must locate and conduct business In a 
rational manner or the market system does not allow a profit. Education, 
however, is a highly subsidized Industry. Locatlonal and financial matters 
are determined via the political process. 

3. Supply of Health Manpoijer 

A distinction is made between the long-run and short-run supply of 

nan power . 

In the short-run, the supply of a particular type of labor 
depends upon the responsiveness of persons already trained 
or experienced in that field to cVjanges In wages and oth«r 
factors. No new workers can be produced In the shortTun. 
The long-run, on the other hand, Is defined as a sufficient 
period of time for qualified persons both to decide they 
want to work in a certain occupation, and to get whatever 
training is necessaryo (Donald Yett, 1965). 

Education, then, is a r^eans to alter the long-run supply of manpower. The 

length of the long-run period varies according to the occupation. Efforts 

in health nanpower education are directed to increasing the long-run supply 

of a particular type of labor. However, changing the elasticity of supply 



and/or the productivity of labor could also be a useful tool» 

Elasticity refers to the responsiveness of skilled persons to 
changes in wages. If wages change by lOZ while the quantity of man-'hours 
offered changes by only 51, supply Is said to be inelastic* Should wages 
change by 10% and the quantity of man-hours offered changed by 15%, supply 
is considered elastic- 
One way in which education can alter the elasticity of supply is by 
the development of a core curriculum in health manpower education. Indivi- 
duals would be able to change from one health occupation to another with a 
ninimun of additional education. By expanding the number of alternatives 
available, while minimizing the cost of the change, responsiveness to wage 
manges would be increased, thereby making supply more elastic. For example, 
if the wages of licensed practical nurses increased, nurses' aides would be 
r.ore likely to seek L.P.N, training if the process involved was supple- 
mtf?ntary to their previous training rather than beginning student training. 
Alternatively, if the wages of licensed practical nurses were to decrease, 
a ijreater number might seek training as registered nurses if the process 
Involved only one additional year insuead of three or four years. Not only 
does the additional training period mcian a greater cost in time and money, 
it ajso Increases uncertainty as to the market situation upon completion of 
the pro P. ran. 

Increasing the productivity of health manpower means receiving more 
output from a given input. The educational system can increase productivity 
hv offering continuing education courses^ refresher courses, and by making 
fcrnal education more applicable and practical to situations workers encounter 
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after completing their education. Concentration of the determination and 
utilization of an optimum combination of inputs to provide a given level 
of health services is needed. If the productivity of health manpower can 
be increased, it may not be necessary or beneficial to increase their supply. 

The major emphasis in health manpower education has been on increasing 
the supply. This means altering the supply of health manpower such that 
more man-hours will be offered at every given wage. 

4. Distribution of Manpower - Inferences from the Hierarchies 

The rural health problem is a distribution problem. Increasing the 
supply of health manpov^er will not alleviate the rural health problem unless 
a portion of the increased supply locates in rural areas. Graduates locate 
where there are jobs. Therefore, establishment of an education program in 
a community does not insure an increased supply of manpower for that parti- 
cular community. 

Institutions in the region were asked for information regarding 
placement of graduates. Some institutions did not have records of where 
their graduates had located. In Appendix F there is a summary of the 
positive responses. Some estimates were derived from the respondents* 
general knowledge, whereas, others were based on time series data varying 
in length from one to ten years. Due to the Inconslscenc ies and non- 
comparability of the data, statistical tests could not be calculated. 
Therefore, the data are mcirely presented with the souicos. 

If the distribution of health manpower prior to inception of a program 
is not known, then detezrmination of the distributional iir^pact of the 
program is difficult. In order to identify irnpacc, morj:. than one; point 
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in time wist be observed. If time aeries data are not available, then 



Indirect means must be used to infer impact from the existing situation. 
One way this can be done Is to compare the existing situation in 
communities having a program with communities having no programt 

The most common comparison for determining impact is to contrast 
the manpower population ratio of a program community with the manpower 
population ratio of a non-program community. Aside from the fact that 
a higher health manpower population ratio does not necessarily mean a 
bettdr level of health care, there are other problems in using such ratios. 
One objection is that such a methodology is too simple and is neglectful 
of Important variables such as migration, attrition, population changes, 
and the sizes of the market areas- 

Manpower population ratios were computed for each community in the 
study region. The ratios for communities having a particular program were 
compared with those for communities not having th program. The expectation 



j in community i, and Pop^ is the population of community i) if E^^, program 
of type j exists in community i, but does not exist in i. Computations for 
the study region did not reveal such a pattern. There is an inherent bias 
toward a higher ratio in a community having a particular program if the 
program instructors are classified as the same type of manpower used in 
computing the ratio. As an example, cities having a school of pharmacy will 
tend to have a higher pharmacist to population ratio, not necessarily because 
graduates remain there, but because a portion of the resident pharmacists 
are teachers. 




(where HM. - is the number of health manpower of type 
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Comparative Metho^ds 

Several other comparative methods have been devised to evaluate the 
Impact of education on manpower distribution. A few of these methods are 
presented below: 

1. Let HM^j be the number of health manpower of type j In community 
1, and let Pop^ be the population of community 1. A comparison 
can be made between the percentage of the region's manpower and 
the percentage of the region's population » community 1 has by 

Popj^ 



The expectation is that the more negative the 



[I Pop, |HM,jJ 
number, the greater the probability that community 1 has an 
education program of type j . If the results of this method are 
taken to be an indication of impact, then it is possible to 
identify the location of some types of programs by the differ* 
entlal distribution of manpower. However, a definite pattern 
does not exist and the location of most programs can not be 
identified by this means. 



2. Using the same notation as above, 



was computed but 



revealed little. A problem exists in that communities with 
small HM^j and low C^, result in figures similar to cities with 
high and high HM^j . When comparing two communities 1 and 1, 



it is only when 



HM. 



that 



Cj Cj 



The expectation is that if graduates remain in the city where 
educated;,, the number of manpower per unit of economic activity 
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would be greater in program communities than in non-program 



communities. No such pattern was revealed. 



3. A ratio has been computed that compares the percentage of the- 



region's manpower of type j in community i with C^^ the 

f HM 

community's level of economic activity; that is, r m? 




No 



pattern to the values is discernible, and it is not possible to 



isolate communities having programs by observing the ratio 



magnitude. 



By using the previously discussed methods, it was not feasible to 
predict with any degree of accuracy the location of 'health education pro- 
grams. One problem was that there were few observations within each program 
type. Also, a time lag existed between the origin of a program and its 
impact on the supply of health manpower in a community. Therefore, the 
different dates of origin and length of programs must be incorporated 
into the analysjis. 

Due to the problems discussed above and the lack of a complete set of 
data, inferences can only be made regarding the impact of manpower education 
on the distribution of manpower. From Appendix F it can be seen that there 
is a tendency for a larger percentage of graduates to locate in cities with 
higher economic indices. Consider the positive responses from schools of 
licensed practical nursing. The lower the health index is for a community 
having such a program, the lower is the percentage of graduates remaining in 
the community. For a comparison within one institution, consider the school 
for registered nurses in Laramie, Wyoming. A larger percentage of the grad- 
uates goes to Casper and Cheyenne (both have higher indices) than remains in 
Laramie. Although there are data problems, the implication is that graduates 
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distribute* themselves according to employment opportunities. The indices 
of economic and health activity indicate the relative employment opportuni- 
ties of communities. 

When trying to identify the impact of a particular event or action, 
Isolation from other things occurring simultaneously Is not possible. 
Therefore, when a non-random relationship is identified, the cause is some- 
times wrongly attributed to the action under observation*. This happens 
when a relationship is observed between place of education and place of 
residency. Studies indicate that there is a positive relation between the 
two; that is, there is a higher probability of locating in community i if 
education occurred there. 

Since most health education programs exist in the more urbanized com- 
munities, there is an inherent bias toward overstating the effect of educa- 
tion on location. Much of the impact attributed to place of education should 
be attributed to the desirable socio-economic conditions existing in cities 
having health education programs. Although graduates tend to locate where 
educated, one is not a function of the other. Both may be functions of 
another variable not included in the analysis. In the case of place of 
education and location after graduation, the other variable is the level of 
economic and health activity. For example, medical schools are located in 
metropolitan areas. Studies have shown that a lar^e percentage of physicians 
remains where educated. However, the conclusion is not that a physician 
locates in that area because he or she obtained their education there, but 
because of favorable employment opportunities. 

In a rural setting, the act of locating a health education program in 
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that area does not assure a positive impact on manpower distribution. 

There must be desirable socio-economic couuitioub and employment oppor- 

L-unitics in a community to induce the health manpower educated there to • 

become residents. An example from this study region is the dietician 

program at the Univer^^ty of V^yoming in Laramie. Opportunities are limited 

for dieticians in Wyoming because most hospitals in Wyoming do not hire 

them on a regular basis. There are four positions in Casper, three in 

Cheyenne (two full-time and one part-time) and one in Laramie. Without 

comple-tion of the internship, a dietician cannot practice. However, the 

only internship program in the region is in Salt Lake City. Consequently, 

less than 8% of the graduates from the program remain in Wyoming. 

Four types of programs vzere investigated in detail: dental hygienist, 

physical therapist, licensed practical nurse, atid registered nurse. A 

hierarchy was computed for each of the four types of manpower (see Appendix G) , 

A proportionality index based on the number of the particular manpower was 

computed for each community. Let ^j^j the number of health manpower of 

type j who are located in community i. The proportionality index for , 

HM. 

community i with respect to oCiiupation j would then be 



ij 



I 1 ™ij J 

Observations can be made regarding the structure of the health delivery 
system in communities by comparing indices for facilities and professional 
personnel with the indices for various allied health manpower. A comparison 
can be dravm between the health system hierarchy and the hierarchy for each 
occupation. Another comparison can be made among the hierarchies established 
for each health occupation. The ronclusion is that for some communities, 
there is not only a change in the value of their proportionality index, 
but there is group change as well. 



To obtain a better perspective of the relationship between the 

C ^ 
LPN 

registered ntirse and licensed practical nurse hierarchies, a ratio 

has been computed for each cotnr.unlty. Appendix H Is the ordering of the 
ratios according to the r\agnitude of the economic index for the first six 
groups of the economic system hierarchy. The ratio varies over the region 
and there la not a definite pattern. Though the hypothesis has not been 
tested, the variation in the ratio indicates there is substitution between 
the two occupations. 

To facilitate comparison of the existing health manpower distribution 
with the location of education, in Appendix G a separate map is provided for 
each occupation. Communities having the respective health education pro-- 
grams are circled. 

The service area of each health manpower education program can bc» 
analyzed in the following ways. First, the market ar^a from which students 
are drawn could be identified. Second, the area serviced with respect to 
supplying trained manpower could be determined • 

The first approach concerns the demand for education, whereas, the 
second refers to the distribution of the supply of manpower. Data on the 
original residency of students in trsining are not iavallafcle. Hovevej:, the 
largest percentage of the enrollment is in-state students. In Wyoming, 
there is usually only one program of a particular type, therefore, 
communities within the state do not compete for students demanding a 
particular type of training. The single program services the entire state. 

By viewing the hierarchical map for a specific type of manpower, it 
should be possible to get an idea of the area served by a program with 
respect to supplying trained manpower. When there is one statewide program 



121 



of a ^particular type located In a coiacunitv lover In the r.anpover hier- 
archy Shan other ctties in the state, then the proprairt jservices ithe 
higher ranking cities. When the program Is located in a higher-order 
city, it rust service the lovcrr crrrunltifs. This has been ccnfimed by 
the responses from the institutions, and bv the fact that a larp.e per- 
centage of graduates, soTuetires over 90T, remains in the state where 
educated. Within the state, graduate placement seers to be positively 
related to the level of eccr^or.ic and health activity. 

formally, the expectation is that placement is inversely related to 
distance. Such is not the case in Vyortinp. The reason is that cities 
having programs ^re surrounded by very snail cotmrunitles which do not 
offer ciDployrjent opportunities. This can be seen in the iraps for the dif- 
ferent types of isanpcver in Appendix G, Cities high in the reg'lo^tal 
hierarchies, Denver and Salt Lake City, retain west of the graduates frctn 
programs l<i)cated in tho5^ cities*. It is difficult to Identify th^^ portion 
of graduate placct?>ent due to the level of economic activity and the portion 
due to the distance variable. 

C. CRITERIA FOR ESTABLISHING HEALTH MAATC^TR EDUCATION PROGRAMS 

There appears to be a divergence between the Iccationai patterns of 
the educational and economic systetns. In order to explain the difference, 
the criteria for establishing and locating health manpower education 
programs must be Identified. If the criteria for locaffon in the 
educational systcni are not ^he sarre as those for location decisions in 
the economic system, it should be expected that the two location patterns 
would be different. 

A survey was not conducted to determine the criteria existing in the 



ERLC 



122 



region for the establlshrnent And location of health wanpcver education 
programs. However, In dUcusslcns with persons In the health and educa- 
tion industries, several subjective criteria were tncntioned repeatedly. 
A list of these criteria is provided below, followed by an evaluation of 
each. 

The decisions to initiate and locate education programs are not 
independent events. Tsually a group of citizens or an institution decides 
to Initiate a program to be located in their cotrtmunity. The program must 
be justified. Once approval Is granted through the proper political 
channels, the location 1© thus determined. In deciding upon the location 
first, alternatives are not considered. 

The criteria are: (1) exlsterxe of need for tre type of health 
manpcvrr to be educated; (2) availability of educational and clinical 
facilities: (3) qualified instructors and personnel: (A) community 
support: and (5) availability of funds. 

D. EVALUATION OF CRITERIA 

1. Existence of Need 

There is no fixed method by which to determine need. Father, methods 
range from the comparison of differentials In manpower population ratios 
to the frequency of requests from the Industry for particular types of man*- 
power. In some cases, agencies determine need by using Department of Labor 
statistics and Employment Security Commission statistics. 

A shortage is often quoted as Justification for Increasing education 
programs. Shortage tn an economic sense means the existence of excess demand 
at a given price; that is, at a given price, fewer man-hours are offered for 



SAle .thAn are detsAnded* Since the t&arket adjustcent process Is dynarr^lc 
and occurs over clme^ shortages naterlallze as a result of a z&ar:et vorklng 
toward equlllbrlusi. The shortage persists If the price (wage) Is !teld 
below the equlllbrlan price (yage) fey scire outside force (Arrow, 1959). 
This seeJRS true of allied health manpower. If employers <physlclans and 
hospitals) prefer to maintain low wages, a bias may exist toward Initiating 
additional health manpower education progrsxns. If the market Is allowed to 
operate for allied health manpower, wages could Increase and alleviate the 



For example, if it Is beneficial for physicians and hospitals to pay 
a low wage for nurses, then there may be a bias toward Increasing the 
supply of nurses. However, there is a high percentage of Inactive nurses. 
T>erefcre» Instead of ir.creasir:g the supply. It may be a better policy to 
allow wages to Increase, thereby attracting some Inactive nurses back into 
the labor market. 

When the terra shortage is used in the health and education industries, 
it is not shortage In the economic sense. Instead, the term represents the 
difference between supply and a subjective estimate of the quantity needed 
to meet some level of health care without considering price. By basing 
decisions on neid rather than on demand^ a negative price could result. 

Health laasrapower population ratios are sometimes used to determine net^d. 
This procedure can be deceiving, and decisions based thereon can result in 
distortions in the market. When using manpower population ratios, the 
differential clzes cf market areas are not taken Into account. Population 
figures represent the number of people living in a community, tiot the number 
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of people served by a comounity. The number of health manpower reflects 
the quantity of health service demanded by the market area, not Just the 
ccnmunity deiLAnd. The idea of market areas Is derived frcn the assuTr^ptlcn 
that cities serve more thaLn their Immed'late population. Consider Scotts- 
bluff, Nebraska, and Laramie, Vycning. From the health hierarchy, their 
iniices are .31606 and .17472, respectively. The Implication is that 
Scottsbluff serves a larger area than does Laramie. The populations of 
Scottsbluff and Laramie are 14,507 and 24,700, respectively. This inplies 
that even thoup,h Scottsbluff is a smaller cotiimunity than Laramie, 
it has a higher manpower population ratio than does Laramie, not because 
It has a better health delivery system, but rather because it serves a 
larger r^arket* 

Table Vll~3 Includes comparisons between citiec of approximately the 
same size but of different levels of economic activity, and b>5twe€n cities 
of different size but like indices. Physician-population ratios are included 
in the table. A comparison is made between cities with the same ratio but 
different levels of economic activity. Appendix 1 presents the physician- 
population ratio for coTnmunit ies in the first six groups of the economic 
hierarchy. The cities are ordered according to the magnitude of their 
economic index. From Table VII-3 and Appendix I, it appears that when 



ship does exist, the idea that a relatively higher manpower population 
ratio means a batter level of health care could be discredited. The higher 
ratio may instead reflect the fact that the market area for the high ratio 
commun^lty is larger and, therefore, services a greater number of consumers 




(Pop^ - PoD-l, but [C^ > C-], the ratio 
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TABLE VI I -5 



ILLUSIilATIONS OF POPULATION VARIATION WITH RESPECT TO VAKIATIGN 
IN THE LEVEL OF ECONOKIC ACTIVITY 



Ccmnunlty 



Population 



Level of Economic 
Activity^ 



Fhys/pop. 



A. Communltie^i of Similar Size, and 

Differing Levels of Econcxnic Activity 



Brush, CO 

Buffalo, vnr 

Newcastle, WY 
Preston, ID 


3,377 
3,394 
3,432 
3,310 


.2472 
.1637 
.1772 
.2380 


.8884 
1.1785 
.8741 
.9063 


Conununltles of Different Slie, and 
Similar Levels of Economic Activity 






Laramie, UY 
Sterling, CO 


24,700 
10,636 


0.629J 
0.6044 


.9717 
1.7864 


Rock Springs, VY 


6,403 
12,100 


0. 39>0 
0.3913 


] .0932 
.bbl2 


Rawlins, WY 
Vernal, UT 


7,855 
3,908 


0.3226 
0.3152 


1.7823 
1.2794 


Craig, CO 
Alliance, MS 


4,203 
6,862 


.3496 
.3329 


.2378 
1.4573 


Idaho Falls, ID 
Rapid City, SD 


35,776 
43,836 


1.4780 
1.4302 


1.7051 
1.5512 


Cc!Ziur.ities of Different Si?*; j«nd 
Differing Levels of Economic Activity, 
but Siollar Physician, Population Ratio* 






Greeley, CO 
Gordan, NB 


40,129 
2,106 


1.3121 
.1613 


2.1929 
2.3742 


Scottsbluff, NB 
Rushville, NE 


14,507 
1,137 


.9172 
.1231 


1.7922 
1.7590 



*The level of economic activity Is described in Chapter III under the 
heading, "centrallty index", and is based on 74 economic variables. 
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th4rt Its IwredlAte population. Further Infornuitlon may be j^alned by 



testing the hypothesis that 



Pop J 



by regression techniques. 



For sowe types of occupations more of the variation night be explained 



2 

by including seme variable for distance, possibly cither (D.-) or (D^t), 



where D^j Is the distance from 1 to 1. The equation would then beccr^e 

■ ^11^' Since there is a vast aiTK)unt of computation Involved 

In computing the distance frow 1 to every 1^ a better approach Is to use 
only the distance to the closest cities of a specified higher proup, de- 
pending upcn the type of manpover being analyzed. 

5y u^lnjr the ccr.cept of hierarchical deit^nd structures, health ed- 
ucation prograris could be established on the basis of drmand for health 
manpower rather than need. The health hierarchy is developed frc:«i a stock 
representation of a flow of demand for health services over a period of 
tliT.e. Therefore, it is an indication of demand, not an indication of a 
subjective phenoirenon such as need. By using need as a criterion for 
location, the results will be non-opt iir^al locations of health iranpower 
•rducaticn prcgrairs. 

2. Availa bili ty of F a clHtles 

The decision to initiate and locate a program on the basis of existing 
facilities llraits the consideration of alternative sites. An Inherent bias 
ie created against rural communltle^j having no facilities. The justification 
for locating programs in cowiunltl's with existing facilities is the cost 
savings. An agglomeration of health education programs In larger communi- 
ties results with little izcpact on the rural health delivery system. The 
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aggloRcratlon Is continually supplemented as programs are located Indi- 
vidually at different points In time. Once a conplex begins to develop, 
individual programs tend to be located there^ If decision makers, Instead 
of locating health education programs individually, would take a more 
comprehensive view and locate health and education complexes in rural 
communities, then these communities would have something upon which to build. 

3. Qualified Personnel 

One of the major constraints in health education is the recruitment 
of qualified personnel. In order to be approved, most programs must 
employ Instructors meeting certain qualifications. It is difficult for 
smaller Institutions to offer a competitive wage to attract such personnel. 
The crhtrr difficulty Is the attraction of highly trained people to rural 
areas without a health complex and desirable socio-economic conditions. 

4. CcTnrun l t^ Support 

The overshadowing factor in determining location of health education 
is community support. In fact, the comBmunity residents often propose the 
program. When this happens, decision makers do not consider optimal loca-* 
f Ion by ?valuatin£ 5»ltcrr,5itives. Hither ^ they approve cr disapprove the 
particular community as a location site. Larger communities tend to have 
better^organlzed Interest groups which provide a base for community support 
and activity. Rural communities often lack such a base. 

5. Availability of Funds 

Often, the education program established depends on the availability 
of funds to begin and to sustain the program. "Seed" money is often provided 



ERLC 



128 



by agencies other than the state. Funds to sustain the program are often 
dependent on enrollment , therefore making It essential to locate such that 
there will be a sufficient demand or enrollment* The types of health manpower 
education programs needed In a region are not always the ones receiving 
the most funds* Decision-makers may re-order priorities to take into account 
differential funding. 

An attempt was made to ascertain an optimal size for various allied 
health programs. Consultations with people inside the study region and with 
certain individuals outside the study region, who were thought to have 
access to such information, yielded only "rules of thumb." In many cases, 
such rules were minimal or threshold levels which were required to begin a 
program. It was not possible to determine how the rules were derived. The 
"rules of thumb" regarding the size in terms of student enrollment in existing 
programs were subjective. The impact of variations from the guidelines could 
not be states. There was no optimal size or range utilizing objective 
criteria. The procedure followed was to start small and then, depending 
upon success, to expand to a point where it was no longer deemed desirable 
to expand further. Data from the BHME publications were used to compile 
Table VII-4. Figures are for the United States and show enrollment for 
selected programs. Enrollment figures for programs in the region can be 
found in Appendix E. 

E. CONCLUSION 

Given the nature of the data on health manpower education programs, it 
was not possible to test the hypothesis that the health manpower education 
system is functionally dependent on either the health-care delivery system 
or the economic system. First, information is required on pl^ce of residence 



TABLE Vri-4 

FULLTIME ENROLLMENT RANGE FOR SELECTED 
ALLIED HEALTH PROGRAMS IN JUNIOR COLLEGES 
FOR THE LTJITED STATES 



Number of 
Students 


Dental 
Asst 


Dental 
Hyg 


Dental 
Lab techni 


Enviro 
Sci techni 


Medical 
Lab techni 


LPN 


DVT 

KN 


Surgical 
Techni 


Radio 
lec rini 


1- 4 


1 


0 


1 


1 


9 


0 


1 


2 


1 


5- 9 


4 


1 


0 


4 


10 


2 


2 


6 


5 


10- 19 


21 


4 


5 


2 


27 


40 


7 


15 


30 


20- 29 


39 


8 


2 


4 


21 


65 


17 


12 


16 


30- 39 


14 


14 


5 


3 


6 


42 


13 


2 


11 


40- 49 


13 


11 


4 


0 


3 


39 


35 


0 


13 


50-100 


24 


20 


4 


2 


13 


63 


139 


1 


16 


over 100 


4 


4 


1 


0 


6 


22 


121 


1 


3 



represents the mode 

Source: Allied 'Health Programs in Junior Colleges/1970. 
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for students enrolling in programs. For some programs such as medical 
education, students may be willing to migrate a great distance. For 
other programs, students may not travel more than five or ten miles. In 
the absence of such information, it would be difficult to estimate the 
Qptlmal location of any health manpower education program. 

Secondly, information on the optimal size range of each health manpcAK:r 
education program is needed. What is the minimum feasible size for sonic 
program? And at what point does Increased program size lead to Increasi av. 
costs such that it would be cheaper to initiate a new program elsewhere V 
(That is, at what point do diseconomies of scale indicate a necessity 
of starting new programs rather than Increasing present ones?) 

With some definitive answers to the above points, it becomes feasibl 
to consider optimal location, in the absence of this information, 
speculation is the only tool available to determine optimal location. 
The recommendation is that research efforts be directed to find solutionti 
to the above problems. 
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CHAPTER VIII 
POLICY IMPLICATIONS OF THIS RESEARCH 
The conclusions of this study of the economic system, the healthr 
care delivery system, and the health manpower education system may 
potentially alter present research approaches to health manpower education 
and present health manpower education policy. In this chapter, possible 
implications for both research and policy are offered. 

A. HEALTH- CARE IN SOME COMMUNITY 

To conduct consumer surveys to determine the range of economic and 
health-care activities used by residents in a community is feasible. How- 
ever, a reasonable expectation is that a survey of the range of the activi- 
ties offered in the community would yield similar information. Therefore, 
if all residents purchase refrigerators and dental services, the inference 
is that (a) if refrigerators and dental services are available in some 
community then some people may buy in the community, and some may buy else- 
where; and (b) If neither refrigerators nor dental services are available 
in the community, then the residents must buy elsewhere. Conducting a 
survey of consumer purchase patterns for refrigerators and dental services 
produce^^ore information; however, the added information may not compensate 
for the extra cost. 

The determination that (a) communities can be ordered, and (b) activi- 
ties (both economic and health-care) can be ordered in a system consistent 
with central place theory has been established. Inter-group marginal activ- 
ities for a rural, low population density region have been identified. 
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The empirical results have indicated that the presence of some activity 
within the community ' is not totally related to the demand for that 
•activity within the community — that communities can support a greater - 
range and magnitude of activities when the notion of population is 
broadened jto include the hinterland population as well as the indigenous 
community population. Tae concept of a Standard Metropolitan Statistical 
Area incorporates a similar notion by inferring that the population of 
some city exceeds the physical boundaries of that city and includes the 
peripheral population in the suburbs. In this study, the inference is 
that residents outside the corporate limits of some community may be as 
much an integral part of the community as those within the community even 
though the rural residents are not part of any incorporated place, per se. 
Identification of the exact size of the population that might be added to 
the indigenous population of the community is not feasible. However, a 
reasonable expectation is that if the indigenous populations of Communities 
A and B are, respectively, 4,000 and 10,000; and if the level of economic 
activity and the level of health-care activity are the same for both of 
these communities; then the total population served by these communities 
must be approximately the same. 

Furthermore, if some order of physician services is available in a 
community, then the demand for that service is tiigh enough (from both re- 
sidents and non-residents) to warrant the provision of that order of 
physician services. Therefore, the presence or absence of some economic 
or health activity in a community provides indirect evidence about demand: 
if demand is high enough, the activity is present. Thus, the presence or 
absence of activities is a surrogate for household surveys of demand whether 
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the survey is for the economic system or for the health-care delivery 
system. 

For the smallest communities, where there are no hospital and no 
physician, health care might be viewed in the context of need rather than 
in the context of demand. To detemiine health-care needs in the smallest 
communities, formal surveys of consumers appear to be necessary. Since 
no survey work was conducted in this study, no information is available 
in quantifiable form. Nevertheless, the research effort did involve the 
assistance of many different individiials in the seven states. These indi- 
viduals represent, in varying ways, resource persons providing qualitative 
information about the rural health-care system. A few comments are relevant 
in the context of these qualitative data. 

Smaller communities have various kinds of health manpower assisting in 
the treatment of illnesses and injuries. Some communities have chiropractors 
and some veterinarians. Others may have an R.N. or L.P.N, living in the 
community. These kinds of m.anpowar are utilized by rural residents to provide 
a variety of diagnostic treatment for illnesses and injuries. These quali- 
tative data suggest that a referral system operates from small communities 
to larger communities via this informal health-care delivery system. 

Further, rural residents in the study region frequently utilize self- 
diagnosis as a method for meeting heaith-care n^eds. A variety of techniques 
are at their disposal. For example, unused portions of prescription 

.^^The delineations of both the economic and health-care delivery systemc 
were based on demand and not on need . No attempt was made to determine the 
level of services needed by rural residents. The nature of such estimates 
is subjective and no attempt was made to incorporate this approach to health 
manpower and health facilities. 
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medicines can be acquired from urban residents and used in the case of 
Illness. There Is reason to believe that physicians co-operate in the 
informal and self-diagnostic health-care system by prescribing medicines 
for. rural residents for their medicine cabinets in the event that the 
medicines may be needed. Further, soae physicians may engage in an in- 
formal co-operative arrangement with allied health manpower, thus making 
available a limited range of prescription medicines fot the. use of allied 
health individuals in their rural communities. 

Jlesearch into the specific nature of the health-care delivery system 
should have potential value for planning. If, for example, allied health 
manpower and self-diagnosis are widely used in small communities, then 
non-physician manpower may be widely acceptable there. Research of this 
nature requires a survey to determine where rural residents enter the 
health-care system for diagnosis and treatment, since secondary data do 
not permit a definitive method for identifying the methods of diagnosis 
and treatment in rural areas • 

B. DYNAMIC MODELS OR STATIC MODELS 

The empirical models of the economic and health-care delivery systems 
in this report were derived from cross-sectional data. Thus, these models 
are static in nature. To have made the models dynamic across time periods, 
it would have been necessary to develop time-series data. This was not done. 

In a more narrow sense, these models do have dynamic implications. 
For example, if rural development should occur, then at least one community 
will grow in size as a result of the development. If that community acquires 
higher-order economic activities, higher-order health facilities, and 



higher-ordor ^ealtli tnanpcver, then Tnovecc^.t ralght occur uetween groups 
in the hierarchical sy^ten:. The total nusibcr and types of activities 
will change for the region, thus changing the relative influence of each 
community in the region. To sicijly compare the change in one coranunity 
vith the rest of the syczen without re-eubriitting the whole region to the 
hierarchical nethodoloj^v vruld net be consistent. 

If, however, it it^ w^wn that ccouomi': development will occur in some 
rural area, and if infonracion is available on the size of the development, 
then inferences can he irnde abcut the configuration of the economic and 
health-care systems that will evolve. Such inferences about the future 
configuration of communities following development would havp good potential 
for both health and health manpower planners. On the basis of the estimates 
of the future health-care delivery system, Inferences could be made concerning 
the hospital facilities required, and the quantity and kinds of health 
manpower needed for employment in the coromunlfey. Further, planners should 
be able to estimate changes in the health manpower education system required 
to alter the supply of health manpower for the given rural development. In 
this sense, the empirical models provide information about inter-group 
movement and have some dynamic implications for health and health manpower 
planning. ^ 

C. TRANSFERABILITY TO OTHER REGIONS 
The economic and health-care delivery system models developed In this 
report were based on data collected in a region of mountains, high plains, 
and low population density. Are these models transferable to other regions 
with different characteristics — non-mountainous or high population density 
^9^.ons? 



A Jetlnltlve answer to this '^uc^tlon i» ditr.ci'lt. Sever thcless, 
there are several Important conslderat lens in answer Inj? itc First, the 
consumption pattern of the residents, of the Intcrtnoiintaln i.reglon Is ♦ 
expected to parallel the ccnsur.pticn patterns of rt-sider.ts in other parts 
of the United States due to the Influence of tiic comrrunlcaftlons system and 
the advertising systen. The stJnu]! tor consurrpt ion spending in the urban 
Northeast are similar to those In che rural 1-neiDountain ireRici Thus, 
the nvpber and range of huslnef;?j: In the eccnctnlc systen required to 
support some population size (both indipenous and hinterlands) are similar 
for a low density area and a high density area. More specifically, if 
Ccnmunity A in southern Montana has srine pivcn range of businesses and 
serves a total population of X; then some Conrunity 5 in New York, serving 
a population of sire X, would have almost the same number and range of 
businesses. 

Second, the question might be posed: *'Given the low population density 
of the intannountain region, will the larger distances between coimnunities 
in the intermountain region restrict the transferability of these results?" 
The answer to this question is subjective and must be so qualified. Never- 
theless, if a household is located 50 miles from the nearest community in 
the intermountain region as com.pared to a houi^ehold located 10 miles away 
in some other region, each householder travels a minimum distance of 50 and 
10 miles respectively to the nearest trade center. If members of these two 
households require highly specialized medical services, and the householder 
in the study region would travel AOO miles and the one in the high density 
population region wtould travel 20 miles: then the travel distance becomes 
relative. It seems untenable to maintain, for example, that if residents 
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ot urban regions refuse to travel raore than 25 miles for some services 
^-itc: . ir.g ihK service 1« available within a 25-mile radius), then a rural 
vesl'V^nt in a low pcpulacion density region is unwilling to travel more than 
25 miles for the same service. The minimum distance travelled for any 
: • mmodity would then be determined by the nearest location where that 
commodity is available. Thus, although the distance scale may be different 
in urban regions than in rural regions, the empirical models developed in 
this study are transferable from the low population density, intermountain 
region to high population density, urban areas of the United States. 

The authors would expect the results to be transferable to other rural 
areas. Certainly, the eastern part of the study region (eastern Colorado, 
western Nebraska, and western South Dakota) is similar to many rural pans 
of the United States (many small rural communities that are spaced at regular 
intervals). Since these rural areas fit the general pattern observed in the 
more mountainous areas, it would seem reasonable to expect that the results 
of this study region would be transferable to the rural areas. 

Two conclusions have been reached: (a) the methodology is transferable 
to other regions, and (b) the information learned about inter-group marginal 
economic activities and 5nrf^r-group marginal health-care activities is 
transferable to other non-rural areas of the United States. Since the second 
conclusion requires empirical demonstration for support, there remains the 
possibility that it could be refuted empirically. Therefore, it is proposed 
that a similar study be conducted in an urban region of the United States for 
the purpose of identifying inter-group marginal economic and health activities, 
and for the purpose of further testing the hypothesis that the economic 
system can be used as a surrogate for the health-care delivery system. Further 
evidence confirming the interrelationship of these systems would justify the 

EMC 



dex^elopinent of operat,ionai models using economic data as a tool for both 
health planning and health manpower planning. 

Some efforts were made in this study to develop an operational method 
for utilizing the economic system as a surrogate for the health-care delivery 
system. The results were encouraging but time and manpower did not allow an 
adequate investigation; hence, the preliminary results were too tentative 
to merit inclusion in this report* 

L). HEALTH PLANNING AND THE ECONOMIC SYSTEM 
Changes in economic acnivity result from exogenous changes in the system 
of production, distribution, and consumption* If exogenous changes can be 
identified in the system of production, distribution, and consumption; then, 
inferences can be made in the economic system and the health-care delivery 
system* For example, if a mine, factory, or similar facility is planned 
for a rural area, and an estimate can be made of the potential employment 
impact in the community; then, inferences can be made about the change in 
the order and magnitude of the economic system and the health system and 
to estimate the configuration of the new health-care delivery system by apply- 
ing the IMEA and IMHA analysen^^^^Ihus, health planners can utilize the 
information on exogenous change in a regional economic system to estimate 
the change in the health system. 

Planners may have to consider alterations in the existing programs of 
health manpower education if an increase in the number and order of health 
manpower in the community is needed. Further, health planners would be 
able to estimate the configuration of health facilities required in the 
community and to propose methods of developing the health facilities and 
health manpower in advance o^the change. ^ 
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If It appears necessary to Increase the range and magnitude of present 
health manpower education programs, then the economic system, as defined by 
Figure IV-3, Is useful for Identifying some alternatives* The evidence 
reported :*n Chapter VII indicates that graduates of health manpower education 
programs locate in the state In which they have received their education. 
To attract needed manpower, a state experiencing or expecting changes in 
production, distribution, and consiimption might initiate changes in its 
educational progratns. 

For example, in the economic system discussed in this study, it is 
likely that most programs would be located in communities in Group 5 or 
higher. A prediction has been made that northeastern Wyoming and south- 
eastern Montana are likely to undergo substantial coal development in the 
next decade to meet demands for increased energy. Estimation of the actual 
development that will take place is difficult. If ten 10,000 megawatt coal 
generating power plants were constructed employing about 12,000 workers in 
the coal mines and steam generating plants; and if the total population Impact 
in that area was seven residents for every new job; then the total population 
Impact would be in the 80,000 to 85,000 range (Wold, 1972). By using the 
information on the economic system, inferences could be made about the 
economic system and the health-care delivery system. Estimates of the 
potential Impact would be superior to the present methods which have 
resulted in hospitals being constructed and health manpower programs being 
started only when crises occur. 

Further, if the emphasis for the development of new or larger health 
manpower education programs could be influenced by federal decision-makers, 
then interstate program choices might be more efficient. For example, 
to serve the health-care needs of the assumed population increase for 

ERIC ^"^^ . 



northeast Wyoming, development of new or larger health manpower education 
programs in conmiunities such as Rapi.i <'lty» South Dakota (economic Group 4); 
Billings, Montana (Group 3); Casper, Wyoming (Group 4); or Sheridan, Wyoming 
(Group 5) could be appropriate » Th^^t is, the number of alternatives can be 
increased and greater attention devoted to efficiency in this way, rather 
than if decisions to develop health, manpower education programs are narrowly 
restricted to intrastate considerations only, 

The analysis is not rigorous. It is highly conjectural. Nevertheless, 
the potential for using the economic system as a method for improving the 
quality of health planning, health manpower planning, and health manpower 
program and facility planning is suggested. Strong indications are that 
further research into the operational interrelationships of the economic and 
health-care systems could prove to be of significant value to planners. 

E. DATA NEEDS 

Numerous references have been made herein to the difficulties encountered 
in finding the appropriate data. Given this problem, it would seem necessary 
to identify the essential data needed to permit the update (possibly every 
10 years) of the economic system and health-care delivery system for the 
intermountain region. 

1.. The Economic System 

The essential information would include data on the number of 
businesses and dollar value of retail sales volume by four -digit SIC codes. 
Since this would pose nondisclosure problems in small communities, it is 
probable that similar work would be restricted to "number of establishments." 
In this respect, it would be much easier to conduct the study if the several 
censuses of retail trade, wholesale trade, and selected services would include 
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InfcrmAtlon cn all communities. If rural Art«« continue to cspcrltnce « 

shcrC4g« or absence of health services, data ca thast cocs&unltles should 

be r.ade available, pennltting a iscre analytical and t&caningful analysis of 
the specific health needs of these areas. 

2, The Health-Care Delivery System 

The essential data needs for identifying the health-care delivery 
system could be met with the corpilatlon of more detailed data avsilablift 
frots health occupation licensing fonts. More extensive data on hospitals, 
including types of hospital «ivployees, costs, and patient characteristics, 
are needed. Also, survey infcmiatlon would be beneficial on the travel 
patterns cf cor.suicers utilizing the health-care delivery systerr?. 

3, The Health Manpower Education System 

Two data requireaents for identifying the health i&anpover education 
systein are the place of residence of students prior to enrollsent and 
residence and eaployu.ent status of graduatea. Additional information v*ould 
be useful regarding th3 optimal program site and the cost structure of various 
sizes and types of programs. 

4, The Use of Consumer Travel Pattern Data 

To test the hypothesis that consumers follow similar travel patterns 
to purchase health and non-health services would require a detailed 
investigation of the trips taken by consumers, A Uyci&ing transportation study 
«a8 being conducted at the sftoie time as this study. Unfortunately, the 
transportation study did not meet the needs of this aii^lysis since the former 
sought information on transportation patterns within Wyoming and excluded 
^ Tonration on origins and destinations outside Wyoming. Keverthelass, these 
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kinds of data would seem important and useful tor delineating the service 
areas for both the health system and the economic system, 

F. CONCLUSION 

Although this study did not involve the estimation of health needs 
and the use of time-series data, the empirical results indicated (a) that 
the methodology provided meaningful models of the economic and health 
systems in the intermountain regicr,, and (b) that the economic system data 
are easier to obtain than the health-care system data; and given the close 
relationship of the two systems, the economic system has the potential of 
being a surrogate for the health-care delivery system* 

In view of the limited nature of this study, a low population density 
region, it may be advisable to apply the methodology in a more densely 
populated region* Offered in this chapter are some approaches to the 
problems of cross-sectional data and trarsf erability that may make further 
research effort less important and unnecessary. 

A well-organized and informal health-care delivery system (not physician 
and hospital oriented) may exist in many small and rural places in the 
intermountain region* If such is the casc<, then rural and small community 
residents (1,000 persons and below) may be more receptive to primary health 
care by allied health manpower* 
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CHAPTER IX 
SUMMARY AND CONCLUSIONS 



Th(ft results of this study conflrra the thesis that the theory of 
hierarchical demand structures can fee an efficient and effective basis 
for health planning. This conclusion must, however, be tempered with the 
observation that specific planning techniques derived froa the methodology 
eoiployed in this study must await further enpltlcal work. The conclusions 
of the study can be sunmarized by discussing the hypotheses listed in 
Chapter I. 

A. HYPOTHESIS ONE 

There are statistically significant similarities between the 
hierarchical structures of the economic and health-^care delivery systems. 

To test this hypothesis a methodology was developed which V7a3 
comprised of a centraiity Index as the measure of the econiTmlc importance 
of a central place, and of a heuristic programming algorithm which served 
the purpose of efficiently forming hierarchical groups of central places 
based upon their centraiity index scores. The methodology vas applied to 
538 central places in a region centering upon the state of Wyoming ^ Two 
hierarchies were formed — one based on economic characteristics in each of 
the places and the other based on health delivery characteristics. 

Statistical tests comparing the two hierarchies were performed by 
contrasting the rankings of central places in the health and economic 
hierarchies. SpMiTuian's rank correlation coefficient and Kendall's tank 
correlation coefficient Indicated highly significant similarities between 

O 
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the two rankings. Parametric testa were also performed by assuming that 
the health Index values for coinmunltles were a function of the economic 
Index values. A rej^resslon equation was estimated and the parametric 
values were shown to be highly alfcuif leant* 

It was suggested, however, that the statistical tests may have masked 
some Important additional comparisons between the economic and health 
systems. The observation was made that the health^care delivery system 
seems to be les? developed than the ec jrtomic system. There were fewer 
communities in the top five hierarchical groups of the health system as 
compared to the eccncrmlc system. Thle meant that there was a tendency for 
communities to fall into a lower health group than economic group. 

Extensions of this study are suggested by the results of the compari- 
sons between the economic and health systems: 

1. A second application of th^ methodology to health and 
economic data from some time period of five to ten years 
previous to, or after this study would aid in deterainlng 
whether the relationship between the economic and health 
service systems remains static or changes over time. It 
might be hypothesized that development of the health 
system lags behind the development of the economic system. 
A second study could test this hypothesis* 

2. Application of the methodology to an urban study region would 
allow comparisons between the development of the urban health 
and eci^onomlc systems and the rural health and economic systems. 

B. HYPOTHESIS TWO 
Hierarchical service areas are preferable to political units (e.g., 



counties arid other popular area designations) as units for health 
planning. 

A review of the methodologies employed in the formation of Rand 
McNaliy Trade Areas, Bureau of Economic Analysis Economic Areas, and 
Functional Economic Areas was included in this study as well as a summary 
of other methods which have appeared in the literature. The general 
criticisms of these methodologies were that the hierarchical notion has 
often been omitted from the methods employed, that inappropriate data 
were employed to reflect rural economic activity, and that political 
boundaries were often assumed to equal economic boundaries with no 
Justifying arguments presented. 

There are two particular advantages to the methodology of formulating 
services areas used in this study. First, it is appropriate for rural 
regions because it takes into account quite small communities (less than 
4,000 population in this study). Second, since the hierarchical concept 
is incorporated, it is possible to use service areas in the planning of 
a wide range of health activities— from the very basic services requiring 
small service areas, to the sophisticated facilities and manpower serving 
very large areas. 

C. HYPOTHESIS THREE 

It is possible to ittake inferences about health services which a 
community and its market area population can support by noting the 
number and types of business establishments located in the area. 

This task was not fully accomplished but procedures which might be 
followed in making these inferences were suggested. Characteristics of 
communities in each group were described for the economic and health 
service hierarchies* Propositions from central place theory were derived 



and applied to the hierarchies to define intergroup marginal economic 
activities (IMEA's) and intergroup marginal health activities (IMHA's). 
These propositions were then used to derive specific empirical rules which 
were operational in determining IMSA's and IMHA*s for the study region. 
However 5 sirvce no attempt was made to relate the IMEA's and IMHA's, the 
study has not indicated specifically how knowledge about health services 
can be gained by counting business establishments. An extension of the 
study would undertake this task. 

A final comniant concerning hypothesis three is appropriate. While 
specific rules of thumb were not provided for equating economic activities 
and health activities, there were broad planning implications arising from 
the two hierarchies. If changes in the economic hierarchy could be 
anticipated or forecasted by planners, then knowledge of the previous 
health system would give indications of what health activities could be 
supported by specific communities after the economic change occurred. 

D. HYPOTHESIS FOUR 

The hierarchical nature of the economic system can serve as an 
efficient base for locating health manpower education programs. 

The main conclusion drawn from the study with respect to this 
hjrpothesis was that neither the economic system nor the health-care 
delivery system can be used as a surrogate for optimally locating 
health manpower education programs. Data problems were the major 
constraint in evaluating the education system. In many cases, data were 
non-existent. The reliability of the available data was questionable and 
was often only a subjective estimate. 
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Neither was it possible to make inferences concerning the influence 
of educational programs on the location of health manpower; the main 
reason being that information on the place of residence for students 
enrolling in programs and their dispersion upon graduation was not 
available. It was suggested that socio-economic variables and urbanization 
may play key roles in determining health manpower location. 

Finally, this study has suggested that some of the criteria used 
in health facilities and manpower planning are deficient. It was pointed 
out that manpower-population ratios do not take into account the variations 
in the size of service areas for a particular type of manpower as the 
population density changes. It was also argued that justifying new 
facilities on the basis of the existence of supporting facilities biases 
the location decision against rural areas which generally do not have 
the supporting facilities. 
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APPENDIX '^A'* 



LIST OF 74 ECONOMIC VARIABLES USED TO IDENTIFY 



TIIE ECONOMIC SYSTEM 



This appendix is a list of the 74 economic variables used to 
identify the economic system. Each variable is identified by its 
Standard Industrial Classification (SIC) code, the name of the variable, 
a description of the businesses included for each variable, and the 
data source for the variable. 

Some of the 74 variables listed in this appendix have not been 
assigned SIC codes by the Department of Commerce. Arbitrary 4-digit 
designations have been made for these variables. Those SIC code 
designations that were developed for this study have been identified 
by an asterisk (*). 
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Definitions and Sources of SIC Codes 



SIC 

Code Delinition Source 



2010 Meat Packing Plants - Establishments primarily en- D & B 

gaged in the slaughtering of cattle, hogs, sheep, 
lambs, calves, horses, and other animals, except 
small game, for canning, curing and making meat 
products. 

2086 Bottling Plants - Establishments primarily engaged Yellow Pages 

in bottling soft drinks and carbonated waters. 

2711 Newspaper Publishing - Establishments primarily en- D & B 

gaged in publishing newspapers, or in publish- 
ing and printing newspapers, 

2911 Petroleum Refining - Establishments primarily en- D & B 

gaged in producing gasoline, kerosene, distil- 
late fuel oils, lubricants and other products 
from crude petroleum and its fractionation 
products through straight distillation of 
crude oil, redistillation of unfinished pe- 
troleum derivatives, cracking or other pro- 
cesses. 

32 70 Concrete Products - Establishments primarily en- Yellow Pages 

gaged in manufacturing and selling concrete 
blocks, bricks and products and ready-mixed 
concrete . 

3993 Signs and Sign Painting - Establishments primarily Yellow Pages 

engaged in manufacturing electrical, mechanical, 
cutout, or plate signs including neon signs. 

4213 Trucking, Not Local - Companies. primarily engaged Yellow Pages 

in furnishing "over the roatj" trucking service 
either as common carriers or under special and 
individual contracts or agreements (i.e., heavy 
hauling, motor freight, and liquid and dry bulk 
trucking) . 

4832 Radio Broadcasting Stations - Stations primarily D & B 

engaged in activities involving the dissem- 
ination by radio to the public of aural pro- 
grams (consisting of voice and music and the 
like) . 

5012 Wholesale Automobile - Establishments primarily en- D & B 

gaged in the wholesale distribution of new and 
used passenger automobiles, trucks, and other 
motor vehicles. 
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Code Definition Source 

5013 Wholesale Automotive Equipment - Establishments D & B 

primarily engaged in the wholesale distri- 
bution o£ motor vehicle parts and accessories, 
and filling station and garage service equip- 
ment (not tires) . 

5014 Wholesale Tires and Tubes - Establishments pri- D & B 

marily engaged in the wholesale distribution 
of rubber tires and tubes for passenger and 
commercial vehicles. 

5022 V.5holesale Drugs, Drug Proprietaries and Druggists* D & B 

Sundries - Establishments primarily engaged in 
the wholesale distribution of drugs, drug pro- 
prietaries, druggists* sundries, and toiletries. 

5041 Wholesale Groceries - Establishments primarily en- D & B 

gaged in the wholesale distribution of a general 
line of groceries and related products (i.e. , 
bakery products, canned goods, coffee, flour) or 
frozen foods (i.e. vegetables, juices, meats, 
fish, poultry, pastries and other "deep freeze" 
products). 

5045 Wholesale Confectionery - Establishments primarily D & B 

engaged in the wholesale distribution of con- 
fectionery, such as candy, chewing gum, salted 
or roasted nuts, popcorn, fountain fruits, and 
fountain syrups, 

5064 Wholesale Electrical Appliances, Television and Ra- D & B 

dio Sets - Establishments primarily engaged in 
the wholesale distribution of radio and tele- 
vision sets and household electrical appliances. 

5072 Wholesale Hardware - Establishments primarily en- D & B 

gaged in the wholesale distribution of hard- 
ware, except automobile hardware. 

5081 Wholesale Commercial Machines and Equipment, and Farm D & B 

Machinery and Equipment - Establishments primarily 
engaged in selling wholesale commercial machines 
and equipment, such as office, store and busi- 
ness machines and equipment, and the distribution of 
agricultural machinery and equipment for use in 
the preparation and maintenance of the soil, the 
planting and harvesting of crops, and other oper- 
ations and processes pertaining to work on the 
fam^ and dairy farm machinery and equipment. 

5087 Wholesale Equipment and Supplies for Service Estab- D & B 

lishments - Establishments primarily engaged in 
the wholesale distribution of equipment and sup- 
plies for barber shops, beauty parlors, power 
laundries, dry cleaning plants, upholsterers, un- 
dertakers, and related personal service establish- 
ments . 
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SIC 
Code 



Definition 



Source 



5096 

5097 

5211 

5221 
5231 

5251 
5252 

5311 

5341 
5411 



5421 



5441 



5451 
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Wholesale Paper and Its Products - Establishments D & B 

primarily engaged in the wholesale distribution 
of paper and its products, including station- 
ery and kindred supplies. 

Wholesale Furniture and Home Furnishings - Estab- D & B 

lishments primarily engaged in the wholesale 
distribution of household and office furniture , 
and home furnishings. 

Lumber and Other Building Materials Dealers - Re- Yellow Pages 

tail establishments primarily engaged in ^selling 
to building contractors or to the general pub- 
lic a geueral iinC '"f b*:11^lnp materials. 

Plumbing and Heating Equipment Dealers - Estab- Yellow Pages 

lishments primarily engaged in the retail sale 
of plumbing and heating equipment, and supplies. 

Paint, Glass and Wallpaper Stores - Establishments Yellow Pages 
primarily engaged in the retail sale of paint, 
glass, and wallpaper, or any combination of 
these lines. 

Hardware Stores - Establishments primarily engaged Yellow Pages 
in the retail sale of basic hardware lines. 

Farm Equipment Dealers - Establishments primarily Yellow Pages 

engaged in the retail sale of new and/or used 
farm machinery and equipment, and farm produc- 
tion supplies. 

General Merchandise Stores - Retail stores carry- Yellow Pages 

ing a general line of apparel, home furnish- 
ings, dry good?, housewares, c j:n:imodities — known 
as variety or department stores. 

Vending Machine Operators - Establishments pri- Yellow Pages 

marily engaged in the retail sale of products 
by means of vending machines or juke boxes. 

Grocery Stores - Stores known as supermarkets. Yellow Pages 

food stores, or grocery stores primarily en- 
gaged in the retail sale of canned foods and 
dry goods, fresh fruits and vegetables, and 
meats, fish, and poultry. 

Meat Stores - Establishments primarily engaged in Yellow Pages 

the retail sale of fresh, frozen, or cured meats; 
poultry; fish; shellfish; and other sea food. 

Candy, Nut, and Confectionery Stores - Establish- Yellow Pages 

ments primarily engaged in the retail sale of 
candy, nuts, sweetmeats, and other confections. 

Dairy Products Stores - Establishments primarily Yellow Pages 

engaged in the retail sale of dairy products 
such as milk, cream, butter, cheese; and re- 
lated products to over-uhe-councer customers 
or for home delivery. 
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Code 



Definition 



Source 



5462 Retail Bakeries - Establishments primarily en- Yellow Pages 

gaged in the retail sale of bakery products. 

5499 Health Food Stores - Establishments primarily en- Yellow Pages 

gaged in the retail sale of health foods. 

5511 Motor Vehicle Dealers (New & Used) - Establish- Yellow Pages 

ments primarily engaged in the retail sale 
of new automobiles, or new and used automo- 
biles. 

5521 Motor Vehicle Dealers (Used Cars Only) - Estab- Yellow Pages 

lishments primarily engaged in the retail 
sale of used cars but making no sales of new 
automobiles. 

5531 Tire Battery and Accessory Dea:^.ers - Establish- Yellow Pages 

ments primarily engaged in the retail sale of 
automotive equipment such as automobile tires, 
batteries, and other automobile parts and 
accftssories. 

5541 Gasoline Service Stations - Gasoline service sta- Yellow Pages 

tions primarily engaged in selling gasoline and 
lubricating oils, and which may sell automo- 
tive merchandise or perform minor automobile 
repair work. 

5592 Establishments primarily engaged in the retail sale Yellow Pages 

of automobile passenger trailers, mobile 
homes, and campers (pick-up coaches). 

5611 Men's and Boys' Clothing and Furnishings Stores - Yellow Pages 

Establishments primarily engaged in the re- 
tail sale of men's and boys' ready-to-wear 
clothing and furnishings. 

5621 Women's Clothing Stores - Establishments primar- Yellow Pages 

ily engaged in the retail sale of women's 
ready-to-wear clothing* 

5641 Children's and Infants* Wear Stores - Establish- Yellow Pages 

ments primarily engaged in the retail sale of 
children's and/or infants' ready-to-wear 
clothing and accessories. 

5651 Family Clothing and Western Wear Stores - Estab- Yellow Pages 

lishments primarily engaged in the retail 
sale of ready-to-wear clothing and accessories 
for men, women and children, without special- 
izing in any one line, or engaged in the re- 
tail sale of western wear for the family. 

5661 Shoe Stores - Establishments primarily engaged in Yellow Pages 

the retail sale of any one line or a combin- 
ation of the lines of men's, women's, and chil- 
dren's footwear. 
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SIC 
Code 



Definition 



Source 



5712 
5713 

5722 

5730 

5812 

5912 

5932 
5933 

5942 
5952 

ERIC 



Furniture Stores - Establishments primarily en- Yellow Pages 

gaged in the retail sale of household furni- 
ture and home furnishings, with or without 
major appliances and floor coverings. 

Flooring, Drapery and Upholstery Stores - Estab- Yellow Pages 

. lishments primarily engaged in the retail sale 
of floor coverings (i.e. carpets, rugs and 
floor tiles), draperies, curtains, and up- 
holstery- 
Household Appliance Stores - Establishments pri- Yellow Pages 
raarily engaged in the retail sale of major 
appliances such as electric and gas refriger- 
ators and stoves ; and household appliances 
such as electric irons, percolators, hot plates, 
and vacuum cleaners. May include public util- 
ity companies which operate stores primarily 
engaged in the sale of appliances for house- « 
hold use. 

Music and Television Stores - Establishments pri- Yellow Pages 

marily engaged in the retail s^le of radios, 
television sets, record players (high fidelity 
and stereo), musical instruments, and phono- 
graph records. 

Restaurants - Establishments primarily engaged in Yellow Pages 

the retail sale of prepared food and drinks for 
consumption on the premises, does not include 
establishments primarily engaged in the retail 
sale of alcoholic beverages. 

Drug Stores and Proprietary Stores - Establish- Yellow Pages 

raents engaged in the retail sale of prescrip- 
tion drugs and which may carry a number of 
related lines such as cosmetics, toiletries, 
tobacco, and novelty merchandise. 

Antique Stores - Establishments primarily engaged Yellow Pages 

in the retail sale of antique furniture, home 
furnishings, and objects of art. Does not in- 
clude secondhand stores. 

Secondhand Stores - Establishments primarily en- Yellow Pages 

gaged in the retail sale of secondhand goods 
such as secondhand clothing, shoes^ and fur- 
niture . Includes pawnshops. Does not in- 
clude salvage and junk dealers. 

Book and Stationery Stores - Establishments pri- Yellow Pages 

marily engaged in the retail sale of books 
and/or stationery. 

Sporting Goods - Establishments primarily engaged Yellow Pages 

in the retail sale of sporting goods. 
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SIC 
Code 



Definition 



Source 



595 3 



5962 



5971 

5982 
5983 

5992 
5996 

6020 
6120 
7011 

7200 



7300 



Bicycle Shops - Establishments primarily engaged Yellow Pages 

in the retail sale of bicycles, and bicycle 
parts and accessories. 

Feed Stores and Farm and Garden Supply - Estab- Yellow Pages 

lishnients primarily if;:-gaged in the retail 
sale of hay, giii^n and feed; or engaged in the 
retail sale of seeds, bulbs, nursery 
stock ;?nd other farm, lawn, and garden sup- 
plies. 

Jewelry Stores - Establishments primarily engaged Yellow Pages 

in thf retail sale of any combination of the 
line?- of jewelry, sterling and plated silver- 
ware, watches, and clocks. 

Coal and ?^^ood Dealers - Establishments primarily Yellow Pages 

engaged in the retail sale of co«^l and wood. 

Fuel Oil and Bottled Gas Dealers - Establishments Yellow Pages 

primarily engaged in the retail sale of fuel oil 
and/or liquefied petroleum gas (bottled gas). 

Florists - Establishments primarily engaged in the Yellow Pages 
retail sale of cut f Icwers and growing plants. 

Camera and Photographic Supply Stores - Estab- Yellow Pages 

lishments primarily engaged in the retail sale 
of cameras, films^ and other photographic 
supplies and equipment. 

Banks - Institutions which are engaged in deposit D & B ■ 

banking or closely related functions. 

Savings and Loan Associations - Savings and loan Yellow Pages 

associations, and building and loan associations. 

Hotels and Motels - Commercial establishments, Yellow Pages 

known as hotels, motor-hotel^ or motels, 
primarily engaged in providing lodging for 
the general public. 

Personal Services - Establishments primarily en- Yellow Pages 

gaged in providing services generally involving 
the care of the person or his apparel such as 
laundries, cleaning and dyeing plants, photo- 
graphic studios, barber and beauty shops, 
cleaning and pressing shops^ and funeral homes. 

Business Services - Establishments rendering ser- Yellow Pages 

vices to business enterprises such as adver- 
tising agencies, advertising services, photo- 
copying and duplicating services, stenographic 
services, telephone answering services, tem- 
porary help^ employment agencies, management 
and consulting services, detective agencies, win- 
dow cleaning and janitorial service^ and ex- 
terminating services. 
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SIC 
Code 



Definition 



Source 



7534 



7538 



7832 



8111 



8931 



*9991 



*9992 



*9993 

*9300 
*9994 



Tire Retreading and Repair Shops - Establishments 
primarily engaged in repairing and retreading 
automotive tires. 

Automobile Repair Shops - Establishments primar- 
ily engaged in general repair and body work 
on automobiles , Includes paint shops. 

Amusement and Recreation Services - Establish- 
ments whose primary function is to provide 
amusement or entertainment on payment of a 
fee or admission charge . Includes motion 
picture theaters and drive-in theaters, bowl- 
ing alleys, pool halls, golf courses and 
tennis courts. 

Lawyers - Individuals offering xegal services on 
a contract or fee basis . Includes those prac- 
ticing within a law firm. 

Accountants - Individuals and firms primarily en- 
gaged in furnishing accounting and auditing 
services . 

Postal Receipts - Information obtained from Rev- 
enues and Classes of Post Offices , July 1, 1970, 
United States Government Printing Office. 

Commercial Air Freight - Information obtained from 
Airport Activity Statistics of Certified 
Route Air Carriers , June 30, 1970, Department 
of Transportation, Federal Aviation Adminis- 
tration, Civil Aeronautics Board. 

Highways - Information obtained from highway maps 
of the area rating Interstate highways 
greater than state and county highways. 

County Seats - Rand McNally Commercial Directory, 
1970. 

Population - Rand McNally Commercial Directory, 
1970. 



Yellow Pages 



Yellow Pages 



Yellow Pages 



Yellow Pages 
Yellow Pages 



Dun and Bradstreet, Inc., Reference Book; March, 1972 > New York: Dun 
and Bradstreet, 1972. 
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APPENDIX "B" 

LIST OF 24 HEALTH MANPOWER AND HEALTH FACILITIES 
VARIABLES USED TO IDENTIFY THE HEALTH SYSTEM 

This appendix is a list of the 24 health manpower and health facilities 
variables used to identify the health system in the intermountain region. 
Each variable includes description, when appropriate, and each variable 
includes the data source used. 




HEALTH VARIABLES 



Variables 



Source 



HEALTH MANPOWER 
Dental Hygienists 
Dentists 

Licensed Practical Nurses 

Optometrists 

Pharmacists 

Physicians and Osteopaths 

Physical Thera<i>ists 

Podiatrists 

Vcterin^irians 

HEALTH INSTITUTIONS 

t'lumber of nursing homes 

Number of beds in nursing homes 

Number of hospitals, includes federal 
hospitals 

Number of beds in hospitals 
Hospital occupancy rate* 
Hospital personnel** 



State Licensing Rosters 

American Denta) Association Directory 

State Licensing Rosters 

State Licensing Rosters 

State Licensing Rosters 

American Medical Association Directory 
(Physicians), State Licensing Rosters 
(Osteopaths) 

State Licensing Rosters 

State Licensing Rosters 

State Licensing Rosters 

State Health Department Publications 
State Health Department Publications 

American Hospital Association Guide^ 
American Hospital Association Guide 
American Hospital Association Guide 
American Hospital Association Guide 



*Defined as ratio of average daily census to the average number of beds maintained 
during the 12-month reporting period. 

**Defined as total personnel, excludes trainees, private duty nurses, and volunteers; 
includes full-time equivalents for part-time personnel. 
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ii£ALTH VARIABLES 



Variables 



Source 



HOSPITAL FACILITIES 

Open heart s* ^ary facilities and 
histopatholo^iy laboratory 

Pharmacy with full-time 
registered pharmacist 

X-ray therapy ' 

Radium therapy, cobalt therapy, 
diagnostic radioisotope, and thera- 
peutic radioisotope facilities 

Inhalation therapy department 

Inpatient renal dialysis and out- 
patient renal dialysis facilities 

Occupational therapy department, 
rehabilitation inpatient department, 
rehabilitation outpatient department, 
and social work department 

Emergency department 



American Hospital Association Guide 

American Hospital Association Guide 
American Hospital Association Guide 

American Hospital Association Guide • 
American Hospital Association Guide 

American Hospital Association Guide 



American Hospital Association Guide 
American Hospital Association Guide 
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APPENDIX "C" 
A LISTING OF THE 538 COMMUNITIES IN THE 
STUDY REGION BY THE CENTRALITY INDEX 



This appendix is a listing of the 538 communities and an 
accompanying column with the population of each community. 

This appendix also includes the health index for each community 
in the study region. 

Finally, the communities are ranked in descending order on the 
centrality index for the first six hierarchies only. Hierarchy seven 
has not been strictly ranked since the values of the centrality index 
are close to zero for most of the communities. 
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- 538 CITIES ARE RANKED INTO 7 GROUPS BASED ON 
THE CENTRALITY INDEX FROM 17 SELECTED VARIABLES 



ID 


CITY 




POP 


CENTRALITY 


HEALTH • 










INDEX 


INDEX 


31 


DENVER 


C 


999999 


5.0012417 


9. 3977852 


ID 


CITY 




POP 


CENTRALITY 


HEALTH 










INDEX 


INDEX 


651 


SALTLAKE C 


u 


557635 


2.6214581 


3.1379128 


ID 


CITY 




POP 


CENTRALITY 


HEALTH 










INDFX 


INDEX 


312 


BILLINGS 


M 


61581 


.5846790 


.5746168 


642 


OGDEN 


u 


116945 


.5777737 


.7132918 


647 


PROVO 


U 


119451 


.5166960 


.8387790 




CITY 




. POP 


c::ntrality 


HEALTH 










INDEX 


INDEX 


827 


CASPER 


W 


39400 


.3894795 


.3126797 


14 


BOULDER 
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APPENDIX ''D 



A LISTING 0? THE 538 COMMUNITIES IN THE 



STUDY RE(VION BY THE HEALTH INDEX 



'Ihis appi^.r.-My i.s a list in\^ of the 538 communities and an 
.icct^'^.panyi a>-: column with the population of each cominunity. 

This appendix also includes the centrality index for each community 
in thf? study reRion. 

Finally, the communities are ranked in descending order on the 
health index for tho first six hierarchies only. Hierarchy seven has 
not been st. Lctly ranked since the values of the health index are 
close to zero for most of the communities. 





538'CITieS ARE RANKED INTO 7 GROUPS BASED ON 
THE HEALTH INDEX FROM Z^t SELECTED VARiARLES 
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APPENDIX 



LIST OF HEALTH MANPOWER EDUCATION 



PROGRAMS AND CHARACTERISTICS 



This appendix is a list of the health nanpower education programs 
in the region. The listing is ordered according to the type of program. 
Program characteristics include date of first enrollment (origin), 
length of program, award, clinical training, 1970 full-time enrollment, 
graduates for 1969-70 and 19/0-71, and enrollment capacity. 
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APPENDIX "F" 



GEOGRAPHIC DISTRIBUTION OF GRADUATES 
FROM. HEALTH MANPOWER EDUCATION 
PROGRAMS 



Included in this appendix is a listing of selected health manpower 
education programs and the distribution of graduates. Location of 
programs is identified by city instead of institution. The list of 
programs is not exhaustive. Only the programs in institutions giving 
a positive response are included. The bases for the data ranged from 
subjective estimation to time series data. A short statement about 
the bases is included. 



\ 



ERIC 




PROGRAM 

Licensed Practical Nurse 



Denver : 



95% remain in CO 
5% go out of state 
(Estimation by respoadent) 



Salt Lake City, 90% remain in Salt Lake City area 
(Estimation by respondent) 



Cheyenne: 
Casper: 

Surgical Technician 
Cheyenne : 

X-ray Technician 
Cheyenne: 



77% remain in Cheyenne 

9% go to WY cities other than Cheyenne 

61% remain in Casper 

16% go to WY cities other than Casper 

(Based on graduate data for one year) 



75% remain in state 

(Based on graduate data for one year) 



75% remain in Cheyenne • 

25% go to other WY cities 

(Based on graduate data for one year) 



Environmental Health Technician 



Ch eyenne: 

Dental Hygienist 
Pocatello: 



30% remain in Cheyenne 

20% go to other WY cities 

(Based on graduate data for one year) 



iN^rcent of Students 



Number of Students 


ifeturning to State 


originating 


from 


Original Residence 


Nevada 


9 


56% 


Montana 


9 




Alaska 


1 


0 


Canada 


1 


0 


Colorado 


2 


0 


New Mexico 


1 


0 


Idaho 


60 


53% 


California 


17 


82% 


Utah 


7 


43% 


Washington 


10 


60% 




117 . 





ERIC 



(Based on graduate data for ten years) 
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Den tal Hy gienist fcont.) 



Sheridan; 



42% remain in WY 

(4 in Sheridan, 2 in Ca^sper, 5. in Billings) 

(Basod on graduate data for two yeariO 



Salt Lake City: 25% remain in Salt Lake City 
21% go to other cities in UT 
(Based on graduate data for two years) 



ilonver ; 



Dietician 



Laramie: 



stilt LaVe City: 



Fort Collins: 



Medical Technologist 
Denver: 

Registered Nurse 
Laramie: 



4Sa remaiii in CO 

(Based on graduate data for 10 years) 



8% tenain in W/ 

ftnjv one in Laramie and she is unemp^o^ed) 

'i 

20:^ renain in UT ' / 

(^ased on graduate data for 10 years) ' 

28% remain in CO 

(8 are located in Fort Collins; 6 of those 

8 are employed in education) 

(Based on gradu«ite data for 10 years) 



60-75% remain in CO 
(Estimation by respondent) 



Number of graduates whpyse first job was in; 

Cheyivmne 62 

Caspar 46 

Laramie A:'^ 

Sheridan 26 
Powell 8 
Cody 8 
Rock Springs 6 
Thermopolis 6 
Newcastle 4 
Riverton 5 
Gillette 3 
Rawlins 2 
Douglas 2 
Evanston 1 
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Registered Nurge (cont>) 



Larauiie: Number of graduates whose first job was in 



Wheatland 


\ 1 


Worland 


h 


Torrington 


1 


Jackson 


1 


Lander 


1 


Love 11 


1 


Kemmerer 


1 



(Based on graduate data for 10 year period) 
Pharmacy 

Laramie: 36% remain 'in WY 

(Based on graduate data for 10 years) 

\ 
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APPENDIX "n" 
HIERARCHIES BASED ON SELECTED ^ 
HEALTH MANPOWER 

Hierarchies were developed from the location and concentration of 
(1) dental hygienists. X2) physical therapists. (3) lic..sed practical 
nurses, and (A)/registc|a nurses. The hierarchies aW included in this 
appendi^ Eolivin. eacfnierarchy is a map of the re'gion tas.d on the 
particular typl of manpower. Communities having a health manpower 
education program of the type of manpower that the map is based on 
are circled. 
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« 


HIERARCHY BASED 


ON 


DENTAL HYGIENISTS 








545 


i CITIES WERE FORIIED 


INTO 7 GROUPS jjASED ON 






THE 


CENTRALITY INDEX FROM i SELECTED VARIABLES 


CROUP 


1 


ID 


CITY 




POP 


PROPORTION 






31 






QQQQQO 
y 7 7 7^ ^ 


• OU / oo JO 


GROUP 


2 


ID 


P T TV 




PHP 
rUr 


DDADODTT nKI 

rKUrUKi iUN 






14 


BOULDER 


c 


69279 


.0414^38 






2A3 




T 
i 




. u jj^^y / 


GROL'P 


3 


ID 


r* T TV 






DDADODTTHM 






651 


SALT LAKE C 


u 


557635 


.0290456 






45 


FT. COLLINS 


c 


43337 


.0290456 


GROUP 




ID 


n T V 
Li i 1 




rUr 


DD OTDADT T AM 

rKUrUKl LUN 






QR 


LONOMOrii 


L 




.020/4DV 








RAPID CITY 


s 


43836 


.0207469 






312 


BILLINGS 


M 


61581 


.0186722 






642 


OGDEN 


U 


116945 


.0165975 


GROUP 


5 


ID 


CITY 




POP 


PROPORTION 






0 J 


GREELEY 


C 


40129 


.0145228 






7 




W 












CHEYENNE 


w 


40000 


.0124481 






224 


IDAHO FALLS 


I 


35776 


.0124481 






647 


PROVO 


u 


119451 


.0124481 


GROUP 


6 


ID 


CITY 




POP 


PROPORTION 






1 /. 1 

J.4i 






it j**U 


AAQOQftfl 
. UUoZ^oo 








SHERIDAN 


w 


10800 


.0082988 






J / 


GLENWOOD SP 


C 


4106 


.0082988 








IDAHO SPGS 


C 


2003 


.0062241 






99 


lovelai;d 


C 


16220 


.0062241 , 






896 


LARAiMIE 


w 


24700 


.0062241 


i;ROUP 


7 


ID 


CITY 




POP 


PROPORTION 
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HIERARCHY BASED ON PHYSICAL THIiRiKPISTS 



545 CITIES WERE FORMED INTO 7 GROUPS BASED ON 
THE CENTRALITY INDEX FROM 1 SELECTED VARIABLES 



CROUP • 1 



GROUP 2 



ID 
31 
ID 



CITY 

DENVER 

CITY 



POP 

999999 
POP 



PROPORTION 

.379^/5^79 

PROPORTION 



GROUP 3 



GROUP 4 



GROUP 5 



GROUP 6 



651 
ID 

14 

ID 

45 
647 

ID 

642 
829 
559 
312 



SALT LAKE C 



CITY 



BOULDER 



^CITY 



FT.. COLLINS^^«..< C 
PROVO ' i^V' 



CITY 

i OGDEN 
CHEYENNE 
RAPID CITY 
BILLINGS 

[CITY 



956 



GROUr 7,^ ID 



li^^j ;':^':4icATELLQ 
6 3 ^^' c^ipLEY 

^315 ^^^£MAN 
9S ', ;#L-Q^GMONT 

f LARAMIE 
\ I^^IM SCOTTSBLUF 

«. r. r i/.'> ^> . ^ ^ _ 



CASPER 
CHADRON 
IDAHO FALLS 
STERLING 
ROCK SPGS 
TORRINGTON 
SIDNEY 
SHERIDAN 

CITY 



557635 



POP 



69279/ 



POP 



I 
C 
M 
C 

u 
w 

N 
W 
N 
I 
C 

w 
w 

N 

w 



433>? 
119431 

POP 

116945 
40000 
43836 
61581 

POP 

40036 
40129 

23209 
22333 
2 4 ?..<•) 0 
44507 
■39400 
5921 
35776 
10636 
12100 
4237 
6403 
10800 



POP 



'3 



.11?^2468 

!■ 

FKOl'ORTION 



,.b460251 



PROPORTION 

I 

.0292887 
0271966 



,'ROPORTIGN 

0209205 
0167364 
0167364 
0146444 

ROPORTION 



0104603 
0083682 
) .0083682 
0083682 
.0062761 
.0062761 
..D041841 
.3041841 
.3041841 
.3041841 
.3041841 
.3041841 
.J041841 
.3041841 
.0041841 

EROPORTION 



«u.. 
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4§ 



V 




HLEKAKCHY UASKI) ON RIlOI STICRKI) NURSKS 







545 


CITIKS WERE 


FORMED INTO 7 GROUPS 


BASLD ON 








CI-NTKALTTY LNDI^X FROM 1 


SELECl ED 


VARIABLES 


GROUP 


1 


•ID 


CITY 




POP 


PROPORTION 






3.1 




C 


999999 


.3965440 


GROUP 


2 


ID 


t L It 




POP 


PROPORTION 






651 


SALT LAKE C 


U 


557635 


.1401750 


GROUP 


o 

J 


ID 


CITY 




POP 


rKL'rURi ION 






642 


OCUEN 


u 


116945 








647 


PROVO 


u 


119451 


.0388790 


CiKOUr 


t 


ID 


CITY 




POP 


PKOrORiiON 






Tin 

312 


BILUNUb 




61581 


.0295193 






14 


BOLLDEK 


c 


69279 


.0291870. 


GROUP 


5 


ID 


CITY 




POP 


PROPORTION 






■ 63 


GREELEY 


r 


40129 


.0197718 






45 


FT, COLLINS 


c 


43337 


.0191072 






559 


RAPID CITY 


S 


43836 


.0190518 






829 


CHEYENNE 


w 


40000 


.0168919 






243 


POCATELLO 


I 


40036 


.0155073 






224 


IDAHO 'FALLS 


I 


35776 


.0152858 






827 


CASPER 


w 


39400 


.0140673 


GROUP 


6 


ID 


CITY 




POP 


PROPORTION 






98 


LOi^(jMONT 


c 


23209 


.0115197 






315 


ROZEMAN 


M 


18670 


.0093598 






440 


SCOTTSBLUF 


N 


14507 


.0068121 






6 31 


LOGAN 


U 


223?-) 


.0064245 






896 


LAR/vnl E 


W 


247U0 


.0064245 






956 


Q WPP T HAM 


w 


10300 


.0062029 






99 


LOV ELAND 




16220 


.0062029 






142 


STERLINCt 


c 


10636 


.0044307 






945 


ROCk SPGS 


w 


12100 


.0040430 






568 


STlKi-j Lb 


s 


4536 


.0036553 






208 


BLALKrOU 1 


I 


8716 


.0034338 






416 




N 


5639 


.0034338 






401 


ALLIANCE 


N 


6862 


,0033784 






347 


LIV INGSION 


M 


6883 


.0030461 






441 


S IDNEY 


N 


6403 


.0026584 






832 


CODY 


w 


5161 


,0025476 






529 


HOT SPRINGS 




4434, 


,0024922 






895 


LANDER 


w 


7125 


.0023261 






939 


RAWLINS 


w 


7855 ' 


.0022707 






245 


REXBURG 


1 


8272 


.0022707 






346 


LAUREL 


M 


4454 


.0021599 






942 


RIVERTON 


w 


7995 


.0021599 






46 


FT. MORGAN 


c 


7594 


.0021046 






410 


CIIADRON 


Vi 


5921 


.0019938 



ERIC 



211 




ERLC 



HLI'RARCHY IUSIlU ON LICENSE12 PRACTICAL NUKSL.S 







^^^^ 


CITIKS WERE 


FORCED INTO 7 GROUPS 


i BASED ON 






THli 


CENTRALITY INDEX FROM 1 


SELECTED 


VARIABLES 




I 


11) 


C LTY 




POP 


PROPORTION 






31 


DENVER 


C 


999999 


.3782708 


GKOliP 


2 


ID 


CITY 




POP 


PROPORTION 






651 


SALT LAKE C 


u 


557635 


.1706197 






ID 


CITY 




POP 


PROPORTION 








PROVO 


D 


119451 


.0723795 




* 


I!) 


CITY 




POP 


PROPORTION 






642 


OGDEN 


U 


116945 


.0368783 






45 


FT* COLLINS 


c 


43337 


.0266259 






14 


BOULDER 


c 


69279 


.0234124 






312 


lUI LINGS 


M 


61581 


^0215761 






ID 


CITY 




POP 


PROPORTION 






827 


CASPER 


W 


39400 


.0146901 






99 


LOVELAND 


c 


16220 


.0127008 






63 


GRFELEY 


c 


40129 


.0122418 






98 


I ONGMONT 


c. 


23209 


.0116297 






559 


RAPID CITY 


S 


43836 


.0100995 






829 


CHEYENNE 


w 


40000 


.0094874 






142 


STERLING 


c 


10636 


.0091813 






111 1 


POCATELLO 


I 


40036 


.0088753 






401 


ALLIANCE 


N 


6862 


.0088753 










M 


18670 


.0082632 






440 




N 


14507 


.0076511 




6 


ID 


CITY 




POP 


PROPORTION 






896 




W 


24700 


.0058148 






224 


IDAHO FALLS 


I 


35776 


.0045907 






208 


BLACKFOOT 


I 


8716 


.0042846 






416 


GERING 


N 


5639 


.0042846 






46 


FT. xMORGAN 


c 


7594 


.0038256 






9 56 


SHERIDAN 


W 


10800 


.0036725 






] 7 


BRUSH 


c 


3377 


.0036725 






441 


SIDNEY 


N 


6403 


.003519'^ 






434 


MITCHELL 


N 


1842 


.0032135 






347 


LIVINGSTON 


M 


6883 


.0032135 






529 


HOT SPRINGS 


S 


4434 


.0029074 






159 


WRAY 


C 


1953 


.0027544 






895 


LANDER 


W 


7125 


.0026014 






410 


CHADRON 


N 


5921 


.0026014 






631 


LOGAN 


U 


22333 


.0022953 






939 


RAWLINS 


w 


7855 


.0022953 
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APPENDIX "H' 



RATIO OF LICENSED PRACTICAL NURSES TO 
REGISTERED NURSES 



In this appendix the ratios of licensed practical nurses to 
registered nurses are ordered according to the magnitude of the eco- 
nomic index for the first six groups of communities. 
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fcVriO OF PHYSICIANS TO l»000 POPULATION 

In this app«*ndix the latios of physicians per 1»000 population 
are ordered according to the magnitude of the econoralc index for the 
first six groups of comunities. 
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